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ABSTRACT 
It is left to each state to specify its own criteria of what defines a handicapping 
malocclusion and accordingly determine its own eligibility criteria for orthodontic 
converge under Medicaid. Objectives: This study aims to examine variation in eligibility 
criteria for Medicaid orthodontic coverage across the states. Since some states use 
photographs only and others use both photographs and casts to make treatment 
coverage decisions, this study aims also to investigate whether using photographs only 
is valid to assess orthodontic treatment need by comparing occlusal indices scoring on 
plaster models and photographs. The occlusal indices used are Handicapping Labia-
Lingual Deviation (HLD), Salzmann, Treatment Priority Index (TPI),. Peer Assessment 
Rating (PAR), Index of Treatment Need (IOTN), and Discrepancy Index (DI). A 
simulated population was utilized to explore variations in eligibility determination for 
Medicaid orthodontic services as a result of utilizing different indices / criteria across the 
states using Generalized Estimated Equations (GEE) models. 
Methods: Collection of orthodontic eligibility criteria used by each state's Medicaid 
dental program by searching the state Medicaid website or e-mailing the dental director. 
The study data collection form was designed to include all states' measures/ criteria 
iv 
used to determine eligibility for Medicaid orthodontic coverage. These measures/ criteria 
were applied on pre-orthodontic treatment records retrieved from the Boston University 
orthodontic department. Each of the occlusal measures was performed twice once on 
the plaster casts and once on the photographs. 
Results: Eligibility criteria for orthodontic coverage were collected for 48 state Medicaid 
programs. The majority of the states (42 states) use either an existing occlusal index or 
a special form to record specific occlusal traits to determine eligibility for orthodontic 
coverage, while 6 states offer orthodontic converge only under medical necessity. With 
respect to comparing the use of intraoral photographs and plaster models for assessing 
orthodontic treatment need, 154 pre-orthodontic treatment records were used. 
Photographs tend to slightly overestimate occlusal indices scores (p-value <0.0001 ). 
However, this was not clinically significant since it is only by 0.63 to 1 points. The 
Intraclass Correlation Coefficient (ICC) for occlusal indices scores on casts and 
photographs range was from 0.91 to 0.99 and Kappa statistic for the Dental Health 
Component of IOTN was 0.91 and for molar classification was 0.82. Further, 
photographic accuracy was not uniform across malocclusion severities. The milder the 
malocclusion was, the more the discrepancy between photographs and casts in 
occlusal indices scores. The results from GEE models indicate that eligibility for 
orthodontic coverage under Medicaid varied widely between the states due to the 
different indices/ criteria used. When exploring the effect of different cutoff points used 
for the HLD and Salzmann indices on eligibility determination for Medicaid orthodontic 
coverage, no statistically significant differences were detected for the different 
thresholds set for the HLD index across the states using it. However, a statistically 
significant difference was observed for the different thresholds with the Salzmann index. 
V 
Conclusion: Medicaid eligibility determination for orthodontic coverage varies widely by 
state; further photographs are valid and reliable for assessing orthodontic treatment 
need when compared to casts. 
vi 
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Chapter I: INTRODUCTION 
Title XIX of the Social Security Act created the Medicaid program to ensure 
health care including dental care for low-income families (Salzmann, 1966). The 
Medicaid program is funded by both federal and state funds and each state is required 
to provide Early and Periodic Screening, Diagnosis, and Treatment (EPSDT) for 
Medicaid beneficiaries who are under 21 years. Dental coverage under Medicaid 
includes dental examinations, diagnosis and treatment of dental conditions, such as 
dental caries, periodontal disease, and malocclusion. 
Medicaid programs generally consider orthodontic treatment to be medically 
necessary only when children exhibit a handicapping malocclusion as established by 
the Center of Medicare and Medicaid Services, which administers the Medicaid program 
(Kulkarni, 2005). It is left to each state to specify its own criteria of what defines a 
handicapping malocclusion. Some states have relied upon occlusal indices, while others 
have set up their own criteria to identify individuals who have a handicapping 
orthodontic condition and will accordingly be considered eligible for orthodontic 
coverage under Medicaid in that state. No published studies have been conducted 
examining the variations in eligibility for orthodontic services under Medicaid according 
to the indices/ criteria used. Acquiring more knowledge about the difference in eligibility 
for Medicaid-funded orthodontic treatment across the states could inform Medicaid 
policy makers about other states' experiences and possibly provide suggestions of 
changes in eligibility determination strategies. 
The only published study exploring Medicaid orthodontic services was by EI-
Gheriani et al. in 2007 (EI-Gheriani, Ehrmantrout, Oesterle, Berg, & Wilkerson, 2007). 
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The study performed a survey, which was directed to the dental services section in each 
Medicaid state, and the published paper provided a guide for orthodontists about 
available Medicaid services in each state. Out of the 50 states, nineteen states do not 
require plaster models to be submitted along with the prior authorization forms for 
determination of eligibility for Medicaid orthodontic coverage (EI-Gheriani, et al., 2007). 
This infers the reliance on the use of intra-oral photographs rather than plaster models 
in the eligibility determination and scoring occlusal indices, which is not a validated 
method. Therefore validating the use of intraoral photographs in assessing orthodontic 
treatment need is crucial to ensure that assessment of orthodontic treatment need 
based on photographs and accordingly eligibility determination of orthodontic coverage 
is an evidence-based practice. If photographs appeared to be valid for this purpose, 
then states still relying on plaster models might consider adopting using photographs as 
this may expedite the authorization process without the need to wait for preparing the 
plaster models and will be more economical. Whereas if photographs appeared to be 
invalid method for assessing orthodontic treatment need, then treatment coverage 
decisions based on photographs are not truly based on what they are intended to. 
Moreover, despite the notion the expected standard pre-orthodontic treatment 
diagnostic records include extra and intraoral photographs, plaster or digital casts, 
intraoral and/or panoramic radiographs, and cephalometric radiographs, in the real 
world many orthodontists and general dentists practicing orthodontics do not take dental 
casts as part of their pre-treatment diagnostic records. This implies that those 
practitioners feel that intra- and extra-oral photographs are enough and satisfactory in 
lieu of casts. Since using photographs is a common practice in clinical settings in 
orthodontics anyways, it is interesting to investigate the validity of assessing orthodontic 
treatment need using photographs. 
2 
In brief, this dissertation aims first to better understand current measures used by 
Medicaid to determine eligibility for orthodontic treatment across the states. The second 
is to investigate how well intraoral photographs do in assessing orthodontic treatment 
need compared to plaster models. The third aim is to examine variations in eligibility 
determination for orthodontic services under Medicaid as a result of utilizing different 
indices / criteria or different diagnostic records (intraoral photographs versus plaster 
models). 
3 
Chapter II: BACKGROUND 
Epidemiology of Malocclusion In the Unites States 
It is challenging to define malocclusion because "It is not a disease per se but 
rather a departure from an aesthetic norm in a society" (Tsakos, 2008). Moreover, its 
definition varies widely by culture and individual perception (Burt & Eklund, 2005). The 
American Association of Orthodontics (AAO) Glossary of Orthodontic Terms defines 
malocclusion as " The term used in orthodontics to describe teeth that do not fit together 
properly. From Latin, the term means "bad bite" "(American Association of 
Orthodontists, 2012). Another definition is "a deviation in intramaxillary and/or 
intermaxillary relations of teeth that presents a hazard to the individual's oral 
health. Often associated with other orofacial deformities" (Mosby, 2007). 
Occlusal indices have emerged in the 1950s to quantify malocclusion in 
epidemiological studies. Later section will provide an overview about occlusal 
indices. 
Malocclusion prevalence in the United States varies tremendously between the 
studies ranging anywhere from 35% to 95%. However, the question arises whether this 
wide range is a true range in prevalence or whether it is due to the use of different 
criteria to determine what falls under normal occlusion (Proffit, Fields, & Sarver, 2007). 
The third National Health and Nutrition Examination Survey (NHANES Ill) provides the 
latest available data on the prevalence of malocclusion in the United States since the 
1960s data. Using a multistage, clustered, probability sampling technique, occlusal 
characteristics were collected between 1988 and 1991 from 7000 people who were a 
4 
representative sample of non-institutionalized Americans. One dentist recorded occlusal 
characteristics on all examinees aged 8-50 years and that included teeth alignment, 
assessment of posterior crossbite, overjet, overbite, and maxillary diastema (Brunelle, 
Bhat, & Lipton, 1996; National Center for Health Statistics, 1994 ). Malocclusion was 
found to be relatively common, with more than 57% of the U.S. adolescents having 
some degree of orthodontic treatment need and 65% of adults having some sort of 
misaligned mandibular incisors. However, only 18% of children and 20% of adults 
received orthodontic treatment. 
The most common method used to classify malocclusion is by using Angle's 
classification based on first molar occlusal relationship. Thirty percent of American 
children have normal occlusion, 50% have class I malocclusion, 15% have class II 
malocclusion, and less than 1 % have class Ill malocclusion. Severe tooth malalignment, 
enough to affect dental function and social well being, was found in 15% of children. 
Discrepancy in occlusion occurs in three planes of space and certain occlusal 
discrepancies are more common in certain racial/ ethnic groups than in others. 
Transverse problems (posterior crossbite) were more prevalent in African Americans 
(9.6% ), and Caucasians (9.1 % ), followed by Mexican- Americans (7 .3% ). Open bite was 
most common in African- Americans (6.6% ). Anteroposterior problems, such as severe 
class II and Ill malocclusion, were more prevalent in African Americans (4.3%) and 
Caucasians (3.8%) than Mexican-Americans (2.2%), while severe class Ill was more 
common in African Americans (0.4%) and Mexican-Americans (0.4%) than Caucasians 
(0.2% ). The Proffit et al. study did not report on malocclusion characteristics of the 
Asian-American population (Proffit, Fields, & Moray, 1998). However, a later study 
reported that individuals of Asian decent have more prevalent Class Ill malocclusion 
than other racial backgrounds (2-5% )(Proffit, et al., 2007). 
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Buschang and Shulman focused on adults' occlusal characteristics through using 
the NHANES Ill data set to study mandibular incisor irregularity. They found 39.5% had 
moderate(~ 4mm) and 17% had severe incisor irregularity(~ 7mm). This corresponds 
to approximately 56 million and 24 million individuals with moderate and severe 
crowding, respectively. Malocclusion distribution varies according to race, income, 
gender, and age. Mexican Americans had more crowding than Caucasians, followed by 
African Americans who had the least crowding. Income was inversely correlated with 
incisor irregularity. Males had higher odds of having more incisal irregularity than 
females by 23%. lncisal irregularity and age relation was not in linear relationship, as it 
increased from the age of 20 to 45 then started to decline thereafter (Buschang & 
Shulman, 2003). 
Demand and need for orthodontic treatment were compared in a sample of 3,696 
children. Wheeler et al. found that although girls showed a higher orthodontic demand 
than boys (10%, 7%, respectively), orthodontic need was higher in boys (44%) than in 
girls (42%). In terms of race, Whites had higher demand and need (12%, 47%) 
compared to Blacks (1 %, 35%). Orthodontic treatment demand was found to be higher 
in urban than rural areas and greater in the high socioeconomic group than for their 
lower income counterpart. Nevertheless treatment need was found to be similar in the 
compared groups (Wheeler, McGorray, Yurkiewicz, Keeling, & King, 1994 ). 
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Medicaid Funded Orthodontic Treatment 
Title XIX of the Social Security Act created the Medicaid program in 1965 to 
ensure health care benefits for "medically indigent" regardless of age, and the act 
specifically targets low-income families to provide a safety net (Salzmann, 1966). While 
both federal and state governments fund Medicaid programs cooperatively, its 
management is done at the state level. Dental coverage under Medicaid for adults is left 
as an option determined by each state (Kulkarni, 2005). Each state establishes its own 
eligibility requirement, determines the scope of covered services, and sets the payment 
rate, while adhering to the federal minimum of standards. Therefore Medicaid policies 
vary substantially between the states. A person who is eligible for a certain service 
under Medicaid in one state may not qualify for it in another state. 
The Medicaid component concerning child health was named the Early and 
Periodic Screening, Diagnostic and Treatment (EPSDT) program (Perkins, 2008). It was 
added in 1967, which entitles Medicaid beneficiaries who are under 21 years to 
preventive care and treatment services. Dental coverage under EPSDT includes dental 
examinations, diagnosis and treatment of dental conditions including malocclusion. 
The Center for Medicare and Medicaid Services State Medicaid Manual states 
that "Therapeutic services include ... orthodontic treatment when medically necessary to 
correct handicapping malocclusion" (Centers for Medicare & Medicaid Services, US 
Department of Health and Human Services, 2005). The interpretation of what defines a 
handicapping malocclusion and specifying its criteria is left to the state's discretion. 
Some states rely upon occlusal indices, while others set up their own eligibility criteria to 
identify individuals who have a handicapping orthodontic condition and will be eligible 
for orthodontic coverage under Medicaid. The most common occlusal indices used by 
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Medicaid are the Handicapping Labia-Lingual Deviation (HLD) and the Salzmann index 
(EI-Gheriani, et al., 2007). 
Access to Medicaid Orthodontic Treatment 
In 2010, an estimated 29.9 million children and 15 million adults from low-income 
families were Medicaid beneficiaries (Kaiser Family Foundation, 2011 ). However, only 
38% of Medicaid eligible children received any dental services, 34% had preventive 
dental care, and only 19% had dental treatment services (which includes orthodontic 
treatment) at the national level in 2008. This is considered improvement when 
compared to the proportion of children who received a dental service in 2000 (27% ), but 
still falls behind when compared to the Healthy People 2020 goal of 49 percent of 
children, adolescents, and adults having a dental visit within a year (U.S. Department of 
Health and Human Services. Office of Disease Prevention and health Promotion., 
2010). Nevertheless, dental services utilization rate under Medicaid is not uniform 
across the states as 17 States had dental service utilization rates above the average 
Medicaid rate (Centers for Medicare & Medicaid Services, 2010b). Regarding 
orthodontic services utilization under Medicaid; we did not find published data at the 
national level. In North Carolina, less than 0.5% of Medicaid eligible children received 
orthodontic treatment during 2002-2003 (Murdock, Phillips, Beane, & Quinonez, 2010). 
In Washington State, more than 500,000 children were eligible for Medicaid dental 
treatment and the prevalence of malocclusion was estimated to range between 15 to 60 
percent. Therefore the estimated orthodontic treatment need ranges from 75,000 to 
300,000 while only 0.45% (approximately 2,500 children) of Medicaid children received 
orthodontic treatment (Mirabelli, Huang, Siu, King, & Omnell, 2005). 
Poor access to orthodontic treatment has been attributed to low participation by 
orthodontists in Medicaid. Orthodontists' disinterest in enrolling as Medicaid providers is 
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due to low reimbursement fees, program administration hurdles such as difficulty 
collecting from Medicaid, delays in receiving payment, family loss of Medicaid funding 
privilege during the course of treatment, requirement for patient to have severe 
malocclusion to be eligible for coverage, and orthodontists' perception that Medicaid 
clients are uncooperative and less compliant. Both Medicaid and non-Medicaid 
providers cited low fee reimbursement as the biggest problem (79% ). Medicaid 
providers reported fewer problems related to program administration than non-Medicaid 
providers. This suggests that educating providers about the Medicaid program 
administration process could overcome this barrier. Other barriers to seeking 
orthodontic care could be cultural, geographic or behavioral barriers due to the 
perception that Medicaid patients are often late, cancel at the last minute, or fail to show 
up for their appointment (King, Hall, Milgrom, & Grembowski, 2006; Lewis, Ose, 
Aspinall, & Omnell, 2005). 
Two studies examined orthodontists' participation and perception of the Medicaid 
system (Im, Phillips, Lee, & Beane, 2007; King, et al., 2006). One study surveyed 210 
Washington state orthodontists to examine differences between Medicaid providers 
(saw at least 1 Medicaid patient/year) to non-Medicaid providers. The survey had four 
main domains: demographics, attitudes toward interceptive treatment, attitude toward 
adoption of new orthodontic approaches, and perceptions about Medicaid. A response 
rate of 76% (N=159) was achieved over the 19 weeks of data collection. Thirty-one 
percent of the respondents were classified as Medicaid providers. Medicaid providers 
were more likely than non-Medicaid providers to receive more requests for care by 
Medicaid patients (11.8% for Medicaid, 4.9% for Non-Medicaid), gave more discounted 
charges (5.2, 3.0 cases; respectively), and experienced fewer problems when dealing 
with the Medicaid system ( 1.2, 1.4 mean problem score; respectively). The most 
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frequently reported barrier to the Medicaid system was the low reimbursement rate, 
which is approximately 60 to 65% of the customary fee charged by orthodontic private 
practices in Washington State. All orthodontists, whether Medicaid or non- Medicaid 
providers, had a positive perception towards interceptive treatment. The authors 
suggest that Medicaid promote educational initiatives to acquaint non- Medicaid 
providers with the new program. Since this study population consisted exclusively of 
Washington State orthodontists, the results may not be generalizable to states with 
different demographics and orthodontic practice characteristics. Because Washington 
State has low participation of orthodontists in the Medicaid program along with a poor 
distribution, as 10 orthodontists provided 81 % of Medicaid orthodontic treatment, 
misclassification bias could be an issue (King, et al., 2006). 
Another survey exploring orthodontists' perception of Medicaid was mailed to 203 
active orthodontists practicing in North Carolina, which had a final response rate of 
82%. The four survey domains were: patient population, provider demographics, 
practice features, and Medicaid issues. Comparisons were made between orthodontists' 
currently providing Medicaid (24%), past Medicaid providers (20%), and those who 
never enrolled in Medicaid (56%). Results showed that current providers were more 
likely to refer Medicaid patients, and to have more Medicaid inquiries than were past 
providers or never providers (Referral: Current 10%, past 1 %, and non-Medicaid 
providers 0%, P< .0001; Mean number of inquiries: 10, 10, 4; respectively, P= 0.01 ). 
Providers who never accepted Medicaid patients perceived more barriers against 
treating this population than prior or current Medicaid orthodontists. Prior Medicaid 
providers reported seeing more patient- related problems in their practices including 
broken appointments, tardiness, and last minute cancellations than did current Medicaid 
providers. Not surprisingly, the low reimbursement fee for treating Medicaid enrollees 
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was a major hindrance for all three groups of providers (Im, et al., 2007). 
lnterceptive Orthodontic Treatment under Medicaid 
King et al. recommended that Medicaid approve and embrace interceptive 
treatment, as it may reduce the time and cost of orthodontic care for Medicaid patients 
(King, et al., 2006). A series of studies at the University of Washington explored 
interceptive orthodontic treatment effectiveness in their Medicaid population (Jolley et 
al., 201 O; King, et al., 2006; Mirabelli, et al., 2005; Theis, Huang, King, & Omnell, 2005). 
To target the problem of limited access to orthodontic treatment in publicly funded 
programs for low-income children, the Washington State Department of Health, Medical 
Assistance Administration, the University of Washington School of Dentistry, and the 
Odessa Brown Children's Clinic (OBCC) collaborated to test the effectiveness of 
interceptive orthodontics in the early mixed dentition stage of Medicaid children 
(Mirabelli, et al., 2005). Their study proposed adopting interceptive orthodontic 
treatment as a means of increasing access to orthodontic services and to reduce 
disparities, on the basis that interceptive orthodontics reduce Medicaid clients' need for 
comprehensive orthodontic treatment, thus decreasing the per-patient cost by two thirds 
that of a comprehensive treatment. In addition, the authors claim that interceptive 
orthodontic treatment might attract more orthodontists into Medicaid participation due to 
the simpler and shorter treatment duration. From a public health perspective, the Seattle 
collaboration proposed that small publically available funding for orthodontic treatment 
could be better directed towards eliminating handicapping malocclusion, rather than 
achieving perfect occlusion and making further treatment elective (Jolley, et al., 2010). 
In a case-control study design, Theis et al. evaluated whether limited orthodontic 
treatment of the mixed dentition (phase 1 treatment) would reduce eligibility for 
Medicaid-funded treatment later on. One hundred ninety three casts of pre- and post-
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phase I treatment were scored using the Handicapping Labia-Lingual Deviation (HLD) 
index (which is used by Washington state to determine Medicaid eligibility) and the 
Index of Complexity, Outcome, and Need (ICON). lnterceptive orthodontic treatment 
significantly decreased the proportion of Medicaid eligible comprehensive orthodontic 
treatment cases for from 35.2% to 13.5%, p <0.0001. This supports the Seattle 
collaboration group proposal that embracing early interceptive treatment by Medicaid 
decreases the number of Medicaid eligible cases and thereby decreases cost on 
Medicaid. More treatment need was found when using the ICON (90%) compared to 
the HLD index (35%) in pre-phase I assessment (P <.0001 ). This indicates that the HLD 
index, used by many Medicaid program in the US, captures more severe malocclusions 
than the ICON, used by government-funded programs in Europe (Theis, et al., 2005) . 
Jolley et al. conducted a randomized clinical trial in 259 Medicaid patients with 
mixed dentition. Children were assigned to either interceptive care or observation over a 
follow up period of 2 years. The observation group received comprehensive orthodontic 
treatment while the interceptive group received their treatment and then was observed 
for two more years. Comparison of occlusal traits and eligibility status for Medicaid 
coverage between the two treatment protocol groups was evaluated. At two years, the 
Peer Assessment Rating (PAR) percentage improved significantly by 49.6% in the 
interceptive group, while it worsened for the observation group by 5.7% (p<0.001 ). As a 
result, 80% of Medicaid-eligible patients who underwent interceptive therapy became 
Medicaid ineligible; however, this limited intervention did not produce finished quality 
results. The interceptive orthodontic treatment easily corrected overjet and alignment 
problems, but did not correct deep overbite, open bite, and midline discrepancies (Mean 
of PAR weighted component improvement= 11 for negative OJ, 7.2 for positive OJ, 3.7 
for maxillary anterior alignment, 0.6 for mandibular anterior alignment). This study 
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concluded that interceptive orthodontic treatment reduces the severity of malocclusion 
and therefore changes the majority of cases from being a necessary to treat 
handicapping malocclusion status to an elective one (Jolley, et al., 2010). 
Mirabelli et al. compared treatment effectiveness and compliance between 
Medicaid and private-pay patients receiving interceptive orthodontics. Records for 196 
cases in the mixed dentition stage treated with interceptive orthodontics were evaluated 
to assess the degree of improvement. Ninety-six of the patients were Medicaid 
enrollees from the Odessa Brown Children's Clinic (OBCC), and 100 were private-pay 
patients from the University of Washington Orthodontics department. Both groups had 
comparable initial severity of malocclusion. Pre- and posttreatment casts were scored 
using the PAR index and the Index of Complexity, Outcome, and Need (ICON). There 
was no significant difference between Medicaid and private-pay groups in the degree of 
improvement after interceptive orthodontic treatment (PAR (44.1 % and 46.8%); ICON 
(37 .5% and 37 .3% ), respectively). While Medicaid patients missed more appointments 
(P < 0.05) and had poorer oral hygiene (P < 0.005) than private-pay patients, they 
showed similar compliance with appliance wear (no mean or frequencies were 
provided). The study concluded that Medicaid and private-pay patients had similar 
treatment effectiveness. A limitation of this study was that their statistical analysis did 
not include multivariate analysis to assess whether treatment effectiveness differed 
between Medicaid and private-pay patients, while controlling for possible confounders 
such as the enrollment setting and provider (Mirabelli, et al., 2005). 
Comparisons between Medicaid and Non-Medicaid Patients in Orthodontic 
Treatment Outcome, Compliance, and Relapse 
Disparities between Medicaid and privately insured patients in access to 
healthcare and health outcomes exist in studies in both the medical and dental 
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literature. A series of studies were conducted comparing orthodontic treatment outcome 
and compliance between Medicaid and non-Medicaid patients in both private practice 
(Dickens, Beane, Caplan, & Vann, 2008) and university settings (Berndt, 201 O; Ghaffari, 
2008). 
Dickens, et al., evaluated whether the low Medicaid reimbursement fees affected 
the quality of orthodontic care provided to patients. All North Carolina orthodontic offices 
enrolled in Medicaid (N=55) were asked to submit their last five Medicaid cases and last 
five non-Medicaid cases that finished treatment. Cases were matched by initial 
malocclusion severity. Only 16% (N=9) participated, resulting in a total of 85 records. No 
clinically meaningful differences were found between Medicaid and non-Medicaid 
patients in terms of finished treatment quality (as assessed by PAR), or for compliance, 
(broken appointments, broken appliances, or poor oral hygiene). The low response rate 
prevented performing formal statistical analysis and limited results to descriptive 
information. A reason for study non-participation by non-Medicaid providers was not 
taking a final treatment model. This highlights that many private practice orthodontists 
do not routinely take models, relying instead on intra-oral photographs to document the 
quality of finished cases. A major limitation of this study is selection bias, since 
participating orthodontists might be more diligent than non-participating orthodontists to 
take full records, which raises questions about the validity and generalizability of their 
results (Dickens, et al., 2008). 
Berndt compared treatment outcome and compliance between Medicaid and 
self-pay patients in a university setting. Twenty-three Medicaid patients were identified 
and matched to a self-pay patient treated by the same orthodontist in the faculty 
practice. Multivariate analysis was performed to compare Medicaid with their fee-for-
service matched by final PAR and compliance, after adjusting for possible confounders 
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including gender, age, and pretreatment PAR score. Compliance was measured as 
missed, rescheduled, or cancelled appointments, emergency appointments, and broken 
appliance. No statistically significant differences between Medicaid and fee-for-service 
patients were found for percent PAR reduction and compliance behavior (p-value 
ranges: 0.16 to 0.49). This study examining single-phase comprehensive orthodontic 
treatment supports that of Mirabelli, which evaluated interceptive orthodontics outcome 
in mixed-dentition patients. One strength of this study is it's matched study design, thus 
controlling for provider since all patients are recruited from one uniform clinical setting. 
An additional strength is its use of advanced statistical analysis. A limitation of this study 
is the small sample size, and falling short in reporting their results, as they just present 
p-values and variable means for the whole sample. Since this study retrieved each 
patient's data from multiple data resources (electronic patient record, Ortho charting, 
and paper charts), measurement bias is a potential issue (Berndt, 2010). 
Ghaffari also compared treatment outcome and relapse between Medicaid 
(N=43) and non-Medicaid (N=39) patients in another university setting. Treatment 
outcome was assessed at the end of treatment using PAR score and PAR score 
improvement, while relapse was evaluated by calculating the PAR score relapse (final 
PAR score - retention PAR score/ time out of braces). In this sample, the mean pre-
treatment PAR score was significantly greater in the Medicaid group compared to non-
Medicaid (31.95, 23.28 respectively; p=0.003), while no significant difference was 
observed between the two groups in terms of quality of finished orthodontic treatment 
(mean final PAR score: 3.22, 2.93 respectively; p=0.451) and relapse (rates of PAR 
score worsening after finishing orthodontic treatment: 2.04/year, 2.91/year respectively; 
p=0.872). These results are in agreement with the conclusions of Dickens (mean final 
PAR score: 4.1, 3.6 respectively) and Mirabelli (PAR % improvement: 44.1 %, 46.8% 
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respectively) in that there was no significant difference in orthodontic treatment 
outcomes between Medicaid and Non-Medicaid (Dickens, et al., 2008; Mirabelli, et al., 
2005). One limitation of Ghaffari's study is the potential for selection bias due to 
subjects' recruitment, since patients who never returned for retainer adjustments did not 
have retention records, and only patients who came for at least one retainer check 
appointment were included (Ghaffari, 2008). 
A retrospective chart review study tracked 707 active orthodontic patients at 
Virginia Commonwealth University (VCU) over a twelve-month period to assess 
appointment compliance. Missed appointments were defined as failure to show up for 
an appointment or cancellation on the day of the appointment. Medicaid patients had 
almost double the rates of missed appointments than non-Medicaid patients (15.4%, 
8.3% respectively; p <.0001 ). While only 26.6% of all appointments were for Medicaid 
clients, they accounted for 40% of all missed appointments. However, the average 
appointment failure rate for VCU Medicaid orthodontic patients, in general, was better 
than for nationwide Medicaid dental offices as reported by the American Dental 
Association (15%, 30% respectively) (Horsley et al., 2007). 
From these studies, it is concluded that there is no difference between Medicaid 
and private patients in terms of orthodontic treatment outcome, (Berndt, 201 0; Dickens, 
et al., 2008; Ghaffari, 2008) compliance (Berndt, 201 0; Dickens, et al., 2008), and 
relapse (Ghaffari, 2008), except for compliance with appointments as Medicaid patients 
showed higher rate of missing appointments (Horsley, et al., 2007). Studies examining 
differences in compliance behavior between Medicaid and non-Medicaid patients 
(Berndt, 201 0; Ghaffari, 2008; Horsley, et al., 2007; Mirabelli, et al., 2005) were limited 
to university orthodontic graduate clinic settings which may limit the generalizability of 
their findings to other settings such as private practices. 
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Disparities under Medicaid Orthodontic Services 
A study by Okunseri et al. evaluated the effects of racial/ ethnic background and 
socioeconomic factors on pediatric orthodontic utilization. Data from the Medical 
Expenditure Panel Survey conducted by the Agency for Health Care Use and 
Expenditures collected during 1996-2004 were used. Orthodontic utilization was defined 
as the weighted percentage of children who had at least one orthodontic visit during the 
year examined. Multiple regression analyses were performed to examine the effect of 
demographic and socioeconomic indicators on the utilization of orthodontic services. 
The prevalence of orthodontic utilization ranged from 14.3 to 16.8%, with Black and 
Hispanic children having significantly lower odds of having an orthodontic visit 
compared to White children (OR: 0.57, 0.80, respectively). Medicaid-eligible children 
and uninsured children had significantly lower odds of visiting an orthodontist compared 
to private insurance children (OR: 0.44, 0.36, respectively). These results suggest that 
considerable disparities in orthodontic visits exist even after controlling for possible 
confounders. A limitation of this study was that it relied on self-/ parent-reported data, 
which is a potential source of recall bias, and may cause under- or over- reporting of 
orthodontic utilization (Okunseri, Pajewski, McGinley, & Hoffmann, 2007). 
Since dental education plays a critical role in reducing oral health disparities and 
improving access to dental care, it is important to understand whether orthodontists are 
educated and prepared to treat disadvantaged populations (Noonan & Evans, 2003). A 
2008 survey of US and Canadian orthodontists orthodontic residents examined their 
perception of how well their graduate orthodontic training prepared them to treat 
underserved populations, and whether this training shaped their professional attitudes 
towards providing care for the underserved. A total of 135 residents and 568 
orthodontists responded, corresponding to response rates of 42% and 38%, 
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respectively. Most orthodontic residents (86.4%) and orthodontists (82.3%) felt well 
prepared to treat patients of different ethnicities/ races; however, they felt less prepared 
to treat Medicaid patients (orthodontic residents 64.7%, orthodontists 34.4%). A strong 
relationship was found between how orthodontic programs educate their residents 
about providing care to underserved populations and their professional attitudes 
towards and behavioral intentions to provide care for this population in their practice. In 
this study the underserved population included patients from diverse ethnic/ racial 
backgrounds, Medicaid patients, pro bono cases, and special need patients. On a five-
point scale from 1 =disagree strongly to S=agree strongly, residents and orthodontists 
who treat patients from diverse ethnic/racial backgrounds felt their graduate education 
better prepared them to treat patients from diverse backgrounds (residents score: 4.29 
and orthodontists score: 4.19) than those who did not provide/intend to provide care for 
diverse background patients (residents score: 3.52 and orthodontists score 3.47; p 
<.001 ). Similar relationships between educational experience and professional behavior 
were found for Medicaid patients, providing pro bona cases, and special need patients. 
The more positive the feeling of being prepared to provide care for underserved 
patients, the better their attitudes and the likelihood of providing care to the 
underserved. This emphasizes the orthodontic programs directors' role in improving 
access to care for underserved patients by enriching their student's educational 
experience. Non-response bias is a potential limitation to this study's generalizability, 
since the response rate was 38-42% (Brown & lnglehart, 2009). 
Nationwide Medicaid Orthodontic Coverage 
EI-Gheriani et al. published the only study exploring Medicaid orthodontic 
services across the US (EI-Gheriani, et al., 2007). It provided US orthodontists with an 
overview of the process and coverage of Medicaid orthodontic services, by describing 
18 
the orthodontic coverage reimbursement process and policy variations between the 
states. Surveys were distributed to the Medicaid dental services in each state by 
standard mail, e-mail, and telephone and achieved a 100% response rate. Surveys 
identified what type of providers were eligible for Medicaid reimbursement 
(orthodontists, GP, or both), maximum age for orthodontic coverage eligibility, whether 
an index is used to quantify malocclusion severity, frequency and amount of 
reimbursement, whether Medicaid reviewers received training, and what records (in 
addition to the authorization request) were required for submission. 
Reimbursement rates varied across the states. Most states (42) use a fixed 
reimbursement rate, while 8 states used a variable reimbursement rate based on the 
provider rate, malocclusion severity, treatment complexity, and duration of treatment. 
For analysis purposes, states were categorized according to Medicaid reimbursement 
rates into tertiles: highest-fee, midrange-fee and lowest-fee states to compare between 
them in terms of who provides orthodontic treatment, the cutoff age for being eligible for 
orthodontic coverage, index use to measure handicapping malocclusion, the primary 
reviewer training, patients' records need to be submitted with the case application form, 
frequency of reimbursement, and coverage for interceptive orthodontic treatment. No 
statistically significant differences were observed between the three groups when using 
Chi-square test. (However, Fisher's exact test would have been more appropriate, since 
some cells had counts of less than 5). Using regional averages, Medicaid 
reimbursements for orthodontic treatment were 50% to 26% lower than for private 
practice fees. Few states limited provision of orthodontic services exclusively to 
Orthodontists (N=12; 24%), while the remaining states (76%) allow either general 
dentists or orthodontists to provide orthodontic treatment under Medicaid. 
The Medicaid approval process also varied nationwide. While almost half of the 
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states (26) had an orthodontist as the primary orthodontic case Medicaid approval 
reviewer, remarkably, a non-dentist was the primary reviewer in 6 states, another 12 
states used a general dentist to make the determination, while 6 states used either an 
orthodontist or a general dentist as their reviewer. Thirty-four states (68%) use an index 
to measure handicapping malocclusion, while the rest of the states do not use an 
occlusal index. Of those 34 states, eleven states do not require submission of plaster 
models during the authorization process. In these states, which use occlusal index and 
require intra-oral photographs and not plaster model, eligibility determination is based 
on intra-oral photographs, which has not been validated. 
This study reports a trend between the index used and reimbursement rate, when 
a trend did not really exist. Seventy-one of the highest fee states, 86% of the mid-range 
fee states, and only 57% of the lowest fee states use an index to measure 
malocclusion. This study is mainly descriptive in nature, and limited their bivariate 
analyses to the examination of any differences between the reimbursement tertiles. It 
did not examine differences between the states according to the use of index, type of 
index used, or eligibility determination. EI-Gheriani et al. also reported some inaccurate 
information as they stated that Colorado State used the Salzmann index. However, the 
current Orthodontic benefit administrator reported that Colorado has not used the 
Salzmann index since 2002. This information bias could be attributed to differences in 
the position of the Medicaid official who responded to the survey and how current 
he/she is with that state Medicaid program. 
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Orthodontic Diagnostic Records 
The diagnostic orthodontic records that need to be taken for Medicaid approval 
process varies from one state to another. There are 31 states requiring models, 21 
states requiring intra-oral photographs, and 23 states requiring cephalometric 
radiographs (EI-Gheriani, et al., 2007). According to the Clinical Practice Guidelines for 
Orthodontics and Dentofacial Orthopedics, published by the American Association of 
Orthodontists, the diagnostic orthodontic records for comprehensive orthodontic 
treatment must include extraoral and intraoral images (digital or video), plaster or digital 
models, intraoral and/or panoramic radiographs, and cephalometric radiographs. Three-
dimensional cone-beam computer tomography (CBCT) may be used as an alternative 
radiograph. In cases of limited orthodontic treatment, diagnostic records taken may vary 
and be more limited. (American Association of Orthodontists, 2008) In addition to those 
records, Graber et al. suggest including the radiographic evidence of skeletal maturation 
among the standard of care diagnostic orthodontic records (Graber, Vanarsdall Jr., & 
Vig, 2011 ). 
Alternatives to Plaster Models in Assessing Orthodontic Treatment Need 
Due to the interest in finding alternatives to standard plaster models to overcome 
issues such as storage, retrieval, convenience for referral or consultation, and 
compatibility with digital patient records, several studies have studied different 
alternatives to the standard plaster models to use for assessing orthodontic treatment 
need, for medico-legal reasons, and for determination of new patient referral 
acceptance. Alternatives include photographs of plaster models, (Malik, Abdi-Oskouei, 
& Mandall, 2009; Mok, Zhou, McGrath, Hagg, & Bendeus, 2007), facial photographs 
(Sherlock, Cobourne, & McDonald, 2008) and extra-and intra-oral photographs 
(Mandall, 2002). 
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Mok et al. examined how well orthodontic casts agreed with the two-dimensional 
digital images of the casts in evaluating malocclusion and assessing orthodontic 
treatment need (Mok, et al., 2007). Two examiners performed assessments on 313 
study casts and their standardized images. Agreement between categorical 
assessments, such as Angle's molar classification and Index of Treatment Need (IOTN) 
score, were assessed using Kappa statistics (K). Agreement of continuous 
measurements, such as overjet and overbite, were assessed using intraclass 
correlation coefficient (ICC). Inter- and intra-examiner reliability of assessments were 
monitored by rescoring 5 cases out of every 25, and was found to be acceptable. 
Interestingly, the agreement in reliability measures was slightly better for the images of 
orthodontic casts than they were for the casts themselves (inter-examiner reliability: 
images: 0.92-0.99, casts: 0.62-0.96; and intra-examiner reliability: images: 0.99, casts: 
0.73-0.99. The authors did not discuss this result, but it does not appear to be due to 
assessor bias since the digital photograph measurements were performed while 
masking the measurements on the plaster models. Orthodontic casts and their images 
showed substantial measurement agreement, for molar Angle classification (K = 0.77-
0.81 on each side), Dental Health Component (DHC) of IOTN (K =0.79), Aesthetic 
Component (AC) of IOTN (K =0.56), and for overjet and overbite (ICC= 0.94 and 0.96, 
respectively). These results suggest that digital photographs of plaster casts can 
substitute for orthodontic casts when evaluating malocclusion and orthodontic treatment 
need. During the record screening process, the researchers found that 25% of stored 
study casts were ineligible for study inclusion, because after 20 years of storage they 
were lost, damaged, or defective. This underscores the inefficiency of storing plaster 
casts for years, and the need for alternatives including a handier digital format. 
Limitations of this study include not performing a formal sample size calculation. 
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This study sample utilized available records from the 1984-1985 Oral Health Survey 
study of Hong Kong children for subjects having cephalograms and orthodontic casts 
(Cooke & Wei, 1988). Despite the relatively large sample size of this study, the sample 
malocclusion was primarily of the mild forms as most subjects had class I malocclusions 
(80%), while only 17% had class II by half cusp or more, and 3% were class Ill by half 
cusp or more. Moreover, most Class II and Ill malocclusion subjects were of milder 
forms (half cusp class II: 14%, class Ill: 2%, full cusp class II: 3%, class: Ill: 0.7% of the 
study sample). While this distribution of malocclusion severity is close to NHANES Ill 
data for malocclusion prevalence, the unbalanced distribution of malocclusion type and 
severity prevents examining any differences that might exist between malocclusion 
severities when assessing orthodontic treatment need using digital images of casts. In 
fact, the authors attribute the moderate agreement (K= 0.56) for IOTN-AC (or what they 
call "disagreement") to the small number of subjects with orthodontic treatment need 
based on the IOTN-AC scoring. This emphasizes the fact of having a small number of 
subjects with orthodontic treatment need in this study sample. In addition, this paper 
does not present IOTN-DHC or IOTN-AC distribution for their sample; instead, it 
restricts agreement analysis between casts and their images to subjects with IOTN-
DHC ~ 4 or IOTN-AC ~ 7. The proportions are not published but would be expected to 
be small since the sample had primarily mild forms of malocclusion. This would limit the 
generalizability of the study results to the more severe forms of malocclusions (Mok, et 
al., 2007). 
A similar study investigated whether photographs of study models provide the 
same orthodontic information as plaster models. The UK requires patient record 
retention for at least 11 years, or until the patient reaches 26 years old, for medico-legal 
reasons. Malik et al. compared study models photographs to 3D digital models for their 
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cost-effectiveness and practicality for record keeping. The study sample was comprised 
of 30 plaster models paired with their photographs. Seven models were finished cases, 
and 23 were pre-treatment models representing a range of malocclusions. Two 
orthodontists and one postgraduate orthodontic student performed data collection 
including incisor classification according to the British Standard Classification, overjet, 
overbite, midline discrepancy, canine and molar relationship, labial and buccal 
crowding, crossbite, and number of clinically missing teeth. Comparisons between study 
models and their photographs was quantified by using intraclass correlation coefficients 
(ICC) for interval variables including overjet (mm), midline discrepancy (mm), and 
number of missing teeth; whereas kappa (K) and percentage agreement was performed 
for the remaining variables. Agreement between study models and their photographs 
was high, with ICC values ranging from 0.93 to 1, and k-value ranges from 0. 7 4 to 0.94, 
with the exception of the overbite measurement where K statistic ranged between 0.66 
and 0. 7 4. They concluded that both study models and their photographs provide the 
same orthodontic information needed for medico-legal reporting. This study reported 
only 1 ICC measurement per rater, while it would have been more appropriate to use 
multiple rater ICCs to account for multiple raters assessing the same variable between 
models and their photographs. This would allow for one ICC value for each clinical 
measure while accounting for variability between examiners (Malik, et al., 2009). 
Sherlock et al. compared the ability of facial photographs and casts to assess 
orthodontic treatment need and facial attractiveness. The facial photographs included 4 
colored views: profile, full-frontal, full-frontal smiling, and three quarters. Dental 
attractiveness was scored using a Visual analogue scale (VAS), orthodontic treatment 
need was coded as no or yes, and if yes, whether it was mild, moderate, or severe. 
Three orthodontists and three postgraduate orthodontic students, with varying years of 
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experience, assessed dental attractiveness and orthodontic treatment need for 40 
subjects. All examiners scored facial photographs 24% higher for dental attractiveness 
compared to casts, but this did not reach statistical significance for one examiner. Casts 
rated orthodontic treatment need 20% higher than facial photographs (P < 0.001 ). 
Orthodontists rated orthodontic treatment need higher, using facial photographs, than 
did orthodontics residents. Inter- examiner reliability assessment showed substantial 
variation for facial photographs, with percent agreement ranging between 50 and 100% 
for facial attractiveness, and between 20 and 75% for orthodontic treatment need. 
Casts showed a slightly better agreement range when evaluating facial attractiveness 
(80-100%) and orthodontic treatment need (45-90%). This study concluded that facial 
photographs overestimate dental attractiveness but underestimate orthodontic 
treatment need compared to casts. A study limitation is the wide variation in reliability 
measures, which could be attributed to their heterogeneous group of evaluators and not 
using standardized assessment, which could threaten the validity of the study results. 
Also, no mention was made about calibration or training of evaluators, and given the 
variation in evaluators' background and the unclear assessment criteria, calibration 
would be expected to enhance reliability. The authors mentioned that the 40 subjects 
included in this study displayed a range of malocclusions represented by IOTN 
categories 2 to 5; however, they did not provide a clear description of case selection 
criteria or the sample distribution across IOTN categories, in order to be able to capture 
a wide range of malocclusion severities. This study inappropriately mixed parametric 
tests, such as Pearson's correlation coefficients, with non-parametric tests, such as 
Wilcoxon signed rank test to analyze. This statistical flaw poses a threat to the validity of 
their results. They reported using Kappa statistic for reliability assessment but did not 
present any results for this analysis (Sherlock, et al., 2008). 
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Mandall investigated how reliable clinical photographs were in determining referral 
acceptance of new patients in the UK (Mandall, 2002). An assessment panel of eight 
consultant orthodontists evaluated the clinical photographs of 40 consecutive new 
orthodontic patients. Each orthodontist assessed twice, at 2 week intervals, whether or 
not they would accept the patient as a new referral, while taking into account the 
subject's oral hygiene, dental development, and malocclusion severity. Inter-rater 
agreement for accepting new patient referrals based on photographic records was low 
(K =0.37), while intra-rater agreement of photographic assessment of patient referral 
was very variable (K range 0.34-0.90). They have concluded that such a low agreement 
for clinical photographs could be explained by three factors. First, orthodontists with 
longer waiting lists tend to be stricter in triaging patients. Second, clinic policies that 
promote that orthodontists practicing in hospital-based settings accept only 
interdisciplinary adult cases. Third, there was variability in individual clinician judgment. 
The paper stated that the study sample was comprised of a mixture of eligible and 
ineligible patients for treatment, but did not provide descriptive statistics for their sample 
or justification for the use of this sample size. Since this information was not provided, it 
is difficult to judge whether the sample size was adequate or not to investigate this 
study hypothesis, especially when having 8 different evaluators. Another limitation is 
they did not collect information about potential confounders to examine possible effect 
on new case acceptance decision, such as the length of the evaluating orthodontist's 
waiting list, and the orthodontist's practice setting (Mandall, 2002). 
Several studies compared accuracy of digital casts to standard plaster models 
(Leifert, Leifert, Efstratiadis, & Cangialosi, 2009; Mayers, Firestone, Rashid, & Vig, 
2005; Santoro, Galkin, Teredesai, Nicolay, & Cangialosi, 2003). Two examiners in 
Santoro's study measured tooth width, overbite, and overjet in 76 digital models 
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(OrthoCAD) and plaster models. They found statistically significant differences (p 
<0.05), with all digital models measurements consistently smaller than for plaster 
models, but differences were clinically insignificant (0.098 to 0.49 mm). One concern 
with this study is their statistical approach, which analyzed the two examiners' 
measurements of plaster and digital models using the ANOVA test which they justified 
by the high Pearson correlation; however they only presented the p-value (P <.0001 ). 
This implies that they did not account for inter- and intra- examiner variation in their 
analysis (Santoro, et al., 2003). 
Mayers et al. (2005) compared 48 pairs of digital models (OrthoCAD) and plaster 
models in terms of the PAR index total score and its components. The intra-examiner 
reliability was excellent as assessed by ICC of 0.96- 0.98. Digital and plaster model 
PAR scores showed high correlation, with ICC of 0.95. This study sample did not 
include malocclusion traits, such as impacted teeth and lateral openbite cases, which 
limits the generalizability of their findings (Mayers, et al., 2005). 
Leifert et al. (2009) examined space analysis of 25 digital models (OrthoCAD) -
traditional plaster model pairs, found statistically significant, but clinically insignificant, 
differences for maxillary measurements (mean difference = 0.38 mm), but not for 
mandibular measurements. However, the limitations of this study include small sample 
size, and not describing sample's occlusal traits so that the reader could determine 
whether a full range of malocclusions were included (Leifert, et al., 2009). 
Recording and Measuring Malocclusion 
There are large numbers of occlusal indices available to assess malocclusio'n, 
most of which were developed in the 1960's, however none of them is perfect or 
became the standard. This is due to the inherent difficulty in defining malocclusion and 
its variability by characteristics such as race and culture. Furthermore each of the 
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occlusal indices has its own limitation since they tend to record selected occlusal traits 
rather than capturing the whole occlusion status. 
An index is defined as "a numerical scale with upper and lower limits, with scores 
on the scale corresponding to specific criteria" (Burt & Eklund, 2005). An ideal index 
should be valid, reliable, clear, simple, objective, quantifiable, sensitive, and acceptable. 
The validity of an index designates that the index is measuring what it is intents to 
measure. The reliability of an index relates to the reproducibility of attaining the same 
score when repeated by the same examiner "Intra-examiner reliability" or by another 
examiner "Inter-examiner reliability" (Burt & Eklund, 2005). An index usually needs 
some examiner training, calibration, and standardization period based on the complexity 
of the index. 
Categories of Occlusal Indices 
Occlusal indices have been classically categorized based on the purpose it was 
developed for into diagnostic classification, epidemiological indices, treatment need 
indices, treatment outcome indices, and treatment complexity indices (Shaw, Richmond, 
& O'Brien, 1995). 
Diagnostic classification. The most commonly used diagnostic classification is 
Angle's classification developed in 1899. It was the first method for categorizing 
malocclusion based on the first permanent molars relationship (Angle, 1899) and its 
purpose was to guide treatment planning. It is not perfect and has been criticized for 
discounting the face-teeth relationship, describing deviation of teeth malalignment only 
in the anteroposterior dimension (Tang & Wei, 1993), and its poor inter-examiner 
reliability (Gravely & Johnson, 1974). 
Epidemiological indices. These include indices developed to assess the 
prevalence of malocclusion in a population. In 1964 Bjork et al. proposed describing 
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malocclusion based on three parts: Anomalies in the dentition, occlusal anomalies, and 
deviation in space condition. It was named "A method for epidemiological registration of 
malocclusion" which implies being developed for epidemiological purposes (Bjoerk, 
Krebs, & Solow, 1964). It is not used commonly used because of its complexity as it 
records 567 occlusal feature (Otuyemi & Jones, 1995). Other epidemiological indices 
include the World Dental Federation known as Federation dentaire internationale (FOi) 
method (Baume et al., 1974), the Dentofacial Index (DFI) (Elsasser, 1953), the index of 
tooth position (ITP) (Massler & Frankel, 1951 ), and the Malalignment Index (Van Kirk & 
Pennell, 1959). Most of them are of limited use nowadays because they are found to be 
unreliable (Massler & Frankel, 1951; Van Kirk & Pennell, 1959) or of more use in 
anthropological studies as the DFI (De Francesco, 1999; Elsasser, 1953). 
Treatment need indices. These indices are designed to categorize 
malocclusion severity based on the need for orthodontic treatment such as Draker's 
Handicapping Labiolingual Deviation (HLD) index (Draker, 1960), Grainger's Treatment 
Priority Index (TPl)(Grainger, 1967), Salzmann's handicapping malocclusion 
assessment (Salzmann, 1968), Index of Treatment Need (IOTN) (Brook & Shaw, 1989), 
and Index of Complexity, Outcome and Need (ICON) (Daniels & Richmond, 2000). 
Treatment outcome indices: The Peer Assessment Rating (PAR) index (Richmond et 
al., 1992) and Objective Grading System (OGS) (Casko et al., 1998) were developed to 
assess treatment outcome. 
Orthodontic treatment complexity indices. These indices include ICON 
(Daniels & Richmond, 2000) and Index of Orthodontic Treatment Complexity 
(IOTC)(Llewellyn, Hamdan, & Rock, 2007). 
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Summary of Occlusal Indices 
This section summarizes the six most commonly used occlusal indices including 
those used by Medicaid to determine orthodontic eligibility. 
Handicapping Labiolingual Deviation (HLD) index. The original HLD index 
scores nine conditions including: cleft palate (scored as 15, if present), severe traumatic 
deviations (scored as 15, if present), overjet (mm), overbite (mm), mandibular protrusion 
(in mm multiplied by 5), open bite (in mm multiplied by 4 ), ectopic eruption of anteriors 
only (number of teeth multiplied by 3), anterior crowding in the maxilla and mandible (5 
points for each if more than 3.5mm), and labiolingual spread (a measurement of tooth 
displacement in mm) (Draker, 1960). Some of the limitations of this index are not 
accounting for missing teeth, impacted teeth, spacing, or transverse discrepancies. Also 
the weightings assigned to the components are arbitrary (De Francesco, 1999). The 
accuracy of the HLD was found to be less than the IOTN (96.1 %, 98.6 respectively) 
(Younis, Vig, Rinchuse, & Weyant, 1997). 
Some states have modified the original HLD; for example, California developed 
HLD-Cal and has officially used it since 1991 in a response to a lawsuit suing California 
(Brown V. Kizer) for not complying with Medicaid laws in providing orthodontic treatment 
(Parker, 1998). HLD-Cal added automatic eligibility conditions including cleft palate, 
deep impinging overbite, crossbite of anterior teeth causing soft tissue destruction, 
severe traumatic deviation, overjet greater than 9mm or reverse overjet greater than 
3.5mm. HLD-Cal is scored the same as the original HLD, with a few modifications. 
Instead of scoring cleft palate and severe traumatic deviations, they are considered 
among the automatic eligibility conditions. In addition, posterior unilateral crossbite is 
added to the scoring (given score of 4, if present) (Parker, 1998). Maryland State also 
developed its own version of the HLD index. HLD-MD is scored as the original HLD 
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except that 2mm is subtracted from the overjet measurement in mm and 3mm is 
subtracted from the overbite measurement in mm. 
Peer Assessment Rating (PAR) index. The PAR was originally designed to 
measure treatment outcome by comparing the initial malocclusion severity with 
treatment results using pre- and post-treatment casts (Richmond, Shaw, O'Brien, et al., 
1992; Richmond, Shaw, Roberts, & Andrews, 1992). Later, it was validated for use as 
an index of orthodontic treatment need (Firestone, Beck, Beglin, & Vig, 2002) and as an 
index to assess malocclusion severity and treatment difficulty (DeGuzman et al., 1995). 
PAR has six weighted components to score the anteroposterior, transverse and vertical 
relationships of the buccal occlusion, centerline discrepancy, overjet, overbite, and 
contact point displacement of the anterior segment. It has been criticized for not 
accounting for anterior teeth axial inclination (De Francesco, 1999). Massachusetts is 
the only state using the PAR index with a cutoff score of 24 for determination of 
orthodontic coverage under Medicaid (DentaQuest, 2009). 
Salzmann index. The Handicapping Malocclusion Assessment Record (HMAR) 
is also known as Salzmann index has three parts: Part 1: Six dentofacial deformities (if 
present, given score of 8 for each): Facial and oral clefts, lower lip palatal to maxillary 
incisors, occlusal interference, functional jaw limitation, facial asymmetry, and speech 
impairment. Part 2: Intra-arch deviation including missing teeth, crowding, rotation, and 
spacing. Part 3: Inter-arch deviation including overjet, overbite, crossbite, open bite, 
and mesiodistal deviation. Weighted score is given for intra and inter-arch deviations 
(Salzmann, 1968). This index is criticized for having the weightings arbitrarily assigned, 
inability to use with mixed dentition, inability to assign severity level for individual 
components since components are recorded as present or not, and molar 
anteroposterior discrepancies are only recorded in case of full cusp discrepancy 
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(Trohatos, 1999). States using the Salzmann index are CT (Medical Care 
Administration. Department of Social Services), IL (Doral Dental Services of Illinois, 
2009), IA (State of Iowa Department of Human Services, 2002), PA (United Concordia, 
2009), SD (U.S. Department of Health and Human Services, 2010), TN (TENNCARE 
MEDICAID, 2008), UT (Division of Administrative Rules, 2010), VA (Commonwealth of 
Virginia, 1996), and WI (Wisconsin Department of Health Services, 2010). 
Treatment Priority Index (TPI}. TPI has 1 (United Concordia, 2009)1 weighted 
and defined measurements which are: Upper overjet, lower overjet, overbite, open bite, 
congenitally missing incisors, distal molar relation, mesial molar relation, posterior 
crossbite (maxillary teeth buccal to normal), posterior crossbite (maxillary teeth lingual 
to normal), tooth displacement, and gross anomalies. Based on these above 
measurements a case is categorized accordingly into the seven-malocclusion 
syndromes: Maxillary expansion syndrome, overbite, retrognathism, open bite, 
prognathism, maxillary collapse syndrome, and congenitally missing incisors (Grainger, 
1967). TPI limitations include not accounting for crowding, spacing, and midline 
discrepancy (De Francesco, 1999). Idaho State is the only state that designed their 
malocclusion Index based on modifying and simplifying the TPI with a cutoff score of at 
least eight points needed to meet for eligibility for Idaho State Medicaid orthodontic 
coverage (Idaho Department of Health and Welfare, 2007). 
Index of Treatment Need (IOTN}. IOTN has two independent components: the 
Dental Health Component (DHC) and the Aesthetic Component (AC). The DHC has five 
grades for malocclusion severity and are based on scoring the following occlusal traits: 
missing teeth, overjet, crossbites, contact point displacement, and overbite. The most 
severe occlusal trait is the one that determines the malocclusion severity grade. The AC 
is a ten-point scale of the attractiveness illustrated by 10 intra-oral photographs of 
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anterior teeth. The AC grade is based on the selecting the photograph that is the closest 
match to the patient's dental attractiveness (Brook & Shaw, 1989). IOTN is used mainly 
in the United Kingdom to determine orthodontic treatment covered under the National 
Health Services. Orthodontic treatment is limited to patients with DHC score of 4 or 5 
and AC score of 6 or more (Department of Health, 2006). 
Discrepancy Index (DI). The American Board of Orthodontics (ABO) developed 
the DI to assess pre-orthodontic treatment ABO cases difficulty. The following 10 
occlusal features are scored: overjet, overbite, anterior open bite, lateral open bite, 
crowding, occlusion, lingual posterior crossbite, buccal posterior crossbite, 
cephlamoteric measurements of ANB angle, IMPA, and SN-GoGn angle, and other 
conditions. These other conditions include supernumerary teeth, ankylosis, anomalous 
morphology, impaction, midline discrepancy, missing teeth, spacing, transposition, 
skeletal asymmetry, and any additional treatment complexity. The greater the total DI 
score, the greater the case complexity according to the ABO. The ABO clinical 
examination requires submission of treated orthodontic cases under two categories of 
pre-treatment malocclusion severity; cases with a DI of 10 or greater and cases with a 
DI of 20 or greater (Cangialosi et al., 2004). 
In summary, HLD and Salzmann occlusal indices are the two most commonly 
used indices by Medicaid. A modified version of TPI is used by Idaho State. Peer 
Assessment Rating (PAR) is a well-validated occlusal index and is used by MA State 
only. IOTN is used to determine national treatment need in the United Kingdom. DI is 
the index that the American Board of Orthodontics uses to assess pre-orthodontic 
treatment cases difficulty. 
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Chapter Ill: STATEMENT OF THE PROBLEM 
State Medicaid programs vary in their definition of what they consider a 
handicapping malocclusion, and accordingly in how they set their own criteria to 
determine eligibility for Medicaid orthodontic coverage in their state. Some states have 
used existing occlusal indices, while others have defined their own criteria and designed 
their own special forms. The only published study exploring Medicaid orthodontic 
services across the states was by EI-Gheriani et al. (EI-Gheriani, et al., 2007). It was a 
descriptive study and provides a guide about available Medicaid services in each state 
by describing what type of providers are eligible for reimbursement for providing 
orthodontic treatment, maximum age for orthodontic coverage eligibility, what occlusal 
index is used, frequency and amount of reimbursement, and what records are required 
for submission. In their survey, they only inquired about the type of the occlusal index 
used, if any, but did not explore further into the cut off score used in order to qualify for 
orthodontic coverage. Also, for the states not using a specific index, no further 
information was obtained. No published studies have examined the variations in 
eligibility for orthodontic services under Medicaid according to the criteria/ index used. 
This study aims to acquire more knowledge about the difference in eligibility for 
Medicaid-funded orthodontic treatment across the states to know the current status of 
access to orthodontic treatment under Medicaid across the states. 
Standard pre-treatment orthodontic diagnostic records include photographs, casts, 
intraoral and/or panoramic radiographs, and cephalometric radiographs. However, when 
Dean et al. attempted to review pretreatment records for orthodontic cases funded by 
Indiana Medicaid program, out of the 463 allocated cases only 249 of them had some 
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form of pre-treatment diagnostic records available. Eighteen percent had both casts and 
photographs available, 15% had only photographs available, and 63% had only casts 
available (Dean, McDonald, & Walker, 2005). This implies that, in the real world, not all 
practicing orthodontists take a full set of records as part of their pre-treatment records. 
Furthermore, only 31 states require plaster models submission during the authorization 
process for Medicaid orthodontic coverage (EI-Gheriani, et al., 2007). This infers that 
the remaining states, which do not require plaster models, rely on the use of 
photographs in eligibility determination, which is not a validated method. Therefore 
evaluating the validity of using intraoral photographs in assessing orthodontic treatment 
need is explored in this study. 
In summary, there are three main objectives of this dissertation. The first is to 
examine variation in eligibility criteria for orthodontic treatment under Medicaid across 
the states. The second is to compare intraoral photographs and plaster models in 
assessing orthodontic treatment need by comparing different occlusal indices scoring 
and Angle's classification on each. The third is simulation to explore variations in 
eligibility determination for orthodontic services under Medicaid as a result of utilizing 
different indices / criteria or different diagnostic records (intraoral photographs versus 
plaster models) using a hypothetical population across 48 states. 
Research Questions 
The specific research questions are the following: 1) Are there differences in 
Medicaid orthodontic coverage eligibility criteria among the States? 2) Is there 
significant difference between scoring orthodontic indices (HLD, Salzmann, TPI, PAR, 
IOTN, DI) on conventional orthodontic casts and intraoral photographs? This is 
important because some states do not require casts submission during the approval 
process for orthodontic coverage and are therefore relying on photographs exclusively 
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to determine Medicaid eligibility. 3) How variations in eligibility criteria (utilizing 
difference orthodontic indices (HLD, Salzmann, TPI, PAR) or different cutoff points for 
the same index or different diagnostic records (intraoral photographs versus plaster 
models) affect eligibility determination of orthodontic services under Medicaid using a 
hypothetical population across 48 states? 
Hypotheses 
Hypothesis 1: 
Null Hypothesis (Ho): There is no difference in Medicaid orthodontic eligibility criteria 
between the states. 
Alternative Hypothesis (H1): There is a difference in Medicaid orthodontic eligibility 
criteria between the states . 
Hypothesis 2: 
Null Hypothesis (Ho): There is no difference between intraoral photographs and plaster 
models in assessing orthodontic treatment need, as measured by the different occlusal 
indices (HLD, Salzmann, TPI, PAR, IOTN, DI). 
Alternative Hypothesis (H2): There is a difference between intraoral photographs and 
plaster models in assessing orthodontic treatment need, as measured by the different 
occlusal indices (HLD, Salzmann, TPI, PAR, IOTN, DI). 
Hypothesis 3: 
Null Hypothesis (Ho): There is no difference between the states in eligibility 
determination for orthodontic services under Medicaid as a result of utilizing different 
indices / criteria or different cutoff points for the same index or different kind of 
diagnostic records (intraoral photographs, plaster models). 
Alternative Hypothesis (H3): There is no difference between the states in eligibility 
determination for orthodontic services under Medicaid as a result of utilizing different 
36 
indices / criteria or different cutoff points for the same index or different kind of 
diagnostic records (intraoral photographs, plaster models). 
37 
Chapter IV: METHODS 
Study Design 
The study is composed of two parts. The first part collected and analyzed 
information about orthodontic eligibility including criteria and specifics of the 
authorization process for each state's Medicaid dental program. The second part of the 
study was a retrospective record review of pre-orthodontic treatment records that are 
taken as part of standard clinical care in the Department of Orthodontics at the Boston 
University Henry M. Goldman School of Dental Medicine. The following will describe the 
methodology in 3 subsections to correspond to each of the three main objectives of this 
dissertation. 
First Aim Methodology (State Medicaid Eligibility for Orthodontic Coverage) 
Study Sample 
All US fifty states Medicaid dental programs providing orthodontic coverage. 
Data Collection Procedure 
Each state determines its own eligibility criteria of what defines a handicapping 
malocclusion covered by Medicaid. Initially, each state's Medicaid website and 
lnsurekidsnow.gov website (The U.S. Department of Health and Human Services, 2010) 
were examined to collect available information about orthodontic eligibility and 
coverage. Information collected for each state included criteria used to determine 
eligibility, index used (if any), cutoff point for the index (if applicable), the specific criteria 
sheet or index form used (if any), diagnostic records need to be submitted, and age limit 
for orthodontic coverage, and the reference. If information about orthodontic eligibility 
was missing from the websites, a customized e-mail sent to the National Oral Health 
Conference (NOHC) attendee list (National Oral Health Conference, 2010) or the 
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Medicaid dental contact list (Centers for Medicare & Medicaid Services, 201 0a) was 
used to identify the state's Medicaid Dental Director or Financial Managers to contact 
for missing information. As a final attempt, further contacts were made from personal 
contact referrals to obtain information from missing States. The process of collecting 
eligibility criteria information and correspondence took from September to late 
November 2010. Data collected were tabulated and mapped. Comparisons of 
distribution of the indices/ criteria used by US regions was performed using Fisher's 
Exact test. Based on the information gathered at this step, a data collection form was 
designed to include all states' measures/ criteria used to determine eligibility for 
orthodontic coverage. (Appendix A- Data Collection Form) 
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Second Aim Methodology (Agreement between Photographs and Orthodontic 
Casts in Assessing Orthodontic Treatment Need) 
Study Sample 
Access to orthodontic records at the Boston University Henry M. Goldman 
School of Dental Medicine was made available by the Chair of the Orthodontics 
Department, Dr. Leslie A. Will. The subjects of this study are orthodontic patients who 
had treatment at BU between January 2007 and December 2010, and who met 
inclusion criteria. Inclusion criteria are patients with complete, good quality pre-
orthodontic treatment records including dental charts, pretreatment study casts, lateral 
cephalograms, and intraoral photographs. These records are taken as part of standard 
clinical care in the Department of Orthodontics. 
Sampling Design 
Stratified random sampling was performed to identify subjects using SAS to 
produce a randomization schedule without replacement. Once a subject was identified, 
their diagnostic records were screened for eligibility and only orthodontic cases that met 
inclusion criteria were included in the study. Subject accrual continued until the target 
sample size was achieved. Stratification was based on the severity of malocclusion 
using PAR score categories (mild, moderate, severe) as proposed by DeGuzman et al. 
(DeGuzman, et al., 1995). The following cutoff PAR scores were used to categorize 
malocclusion severity: PAR score of 17 or less for mild malocclusion, PAR score 
between18 and 39 for moderate malocclusion, and a PAR score of 39 or greater for 
severe malocclusion. 
Sample Size Calculation 
The primary dependent variable considered for power calculations was the PAR 
score difference between plaster and digital models, in lieu of the PAR score differences 
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between plaster models and photographs, since this relationship has not been 
investigated. Sample size calculations were computed based on Stevens et al. (Stevens 
et al., 2006) published results using paired t-test and assuming PAR score mean 
differences of 0.66, standard deviation (SD) of 2.03 and 4.00 respectively, and 
correlation coefficient range 0.76 to 0.96. Being conservative, the sample size needed 
for this study to achieve power of 80% at the level of alpha (a) 0.05 was 141 pairs of 
cast and photograph records. Power analysis was performed using the SAS statistical 
package version 9.1.3 ( SAS Institute Inc., Cary, NC). 
Data Collection Procedure 
As the first step, a number of orthodontic records were randomly selected using 
random numbers produced by SAS. The records were screened and if it met inclusion 
criteria (availability of complete records including pre-treatment casts, cephalograms, 
cephalometric analysis, intra-oral photographs), data were extracted (Appendix A- Data 
Collection Form). For each eligible record, data were collected including patient 
demographics (age, gender, race), dentition stage (primary, mixed, permanent), 
received treatment modality (Orthognathic, comprehensive, lnvisalign, limited), 
Medicaid coverage status (Mass health), oral habits (thumb sucking, tongue thrust, nail 
biting, clenching, mouth breathing), and presence of medical qualifying conditions such 
as cleft lip and palate, craniofacial syndromes, etc. Data collected from the dental cast 
include Angle classification of malocclusion (Class I, II, Ill), overjet in millimeters (mm), 
overbite in mm and percentage, crowding/ spacing in mm, presence of anterior 
crossbite, posterior crossbite, and/or openbite, and pretreatment malocclusion severity 
using the different indices. Orthodontic measurements were performed twice: once on 
the pretreatment study casts and the second time on the intra-oral photographs. In 
order to account for magnification when doing intra-oral photographs measurements, 
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the width of the upper central incisor, lower central incisor, and upper first premolar 
were measured from the cast and used to adjust for picture magnification when doing 
intra-oral photograph measurements. 
Pretreatment malocclusion severity was assessed using Peer Assessment 
Rating (PAR) index, Handicapping Labiolingual Deviation (HLD) and its variations, 
Salzmann Index and its variations, and modified Treatment Priority Index (TPI) index. 
Although DI and IOTN indices are not used in any state for Medicaid eligibility decisions, 
they were included in this study as DI is used by the ABO to assess pretreatment 
malocclusion severity, while IOTN has been used internationally, as in the UK, to 
determine eligibility for publicly funded orthodontic treatment. Other special forms used 
by different states were also applied to each case to determine eligibility for orthodontic 
coverage under Medicaid. On average, each subject took about 2.5 hours to record 
data and to perform measurements twice on cast and photograph. (Appendix B: Data 
collection forms) 
Examiner Training and Reliability 
The examiner (OM) underwent training and calibration for the PAR index at the 
Ohio State University Department of Orthodontics, and for the DI at the College of 
Diplomats of the American Board of Orthodontics ABO measurement course. For the 
other indices, self-calibration was performed. To ensure intra-examiner reliability for 
occlusal indices (PAR, DI, HLD, Salzmann, IOTN, and modified TPI) scoring obtained 
from dental casts and intraoral photographs was repeated for ten cases. Interclass 
correlation coefficient was used to measure intra-examiner reliability, and the average 
ICC for intra-examiner reliability was 0.91. 
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Data Management 
Each subject was given a unique identifier. Data were entered into Excel 2011 
with a total of 770 variables for each subject. To ensure precise data entry into Excel, 
data validation was performed by applying rules that restrict the value of what can be 
entered for each variable on the Excel worksheet. Data were then imported into SAS 
statistical package version 9.1.3 (SAS Institute Inc., Cary, NC). Data-entry check was 
executed by performing queries and if any unrealistic values were found the original 
data collection form was used to make the necessary corrections. About 200 new 
variables were created. Right and left molar classification variables were re-categorized 
into "Class I", "Less than full unit Class II or Class 111", or "Full unit or more Class II or 
Class 111" based on cast and photographs. 
Study Variables 
Outcome measure. The outcome of interest was occlusal indices scores on 
casts, a continuous variable, to determine how well photographs predict orthodontic 
treatment need when compared to the gold standard "plaster models". 
Explanatory variables. The key predictor variable is occlusal index score from 
photographs. The potential confounder is malocclusion severity, a categorical variable, 
including mild, moderate, and severe. 
Statistical Analyses Plan 
Statistical analyses for this study used SAS statistical package version 9.1.3 
(SAS Institute Inc., Cary, NC). All statistical analyses were carried out at 0.05 level of 
significance. Maps were produced using Epi Map in Epi Info (TM) 3.5.3 (Centers for 
Disease Control and Prevention (CDC). 
Descriptive analyses. Descriptive statistics were performed for all variables in 
the data set. Continuous variables were summarized into mean, median, standard 
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deviation, and range. Continuous variables included age, PAR score, HLD-Cal score, 
Salzmann score, modified TPI score, and DI score. Categorical variables were 
summarized as frequencies and percentages. These included gender, race/ ethnicity, 
status of Mass Health coverage, dentition stage, presence of medical conditions, oral 
habits, treatment modality (comprehensive, orthognathic, lnvisalign, limited, or 
interceptive), Angle classification (class I, class II, or class Ill), presence or absence of 
occlusal traits such as anterior crossbite, posterior crossbite, openbite, and IOTN-DHC 
score. 
Bivariate analyses. In order to assess similarities and differences between mild, 
moderate, and severe malocclusions for demographic characteristics and other 
variables of interest, single factor analysis of variance (ANOVA) was used for 
continuous measures and Chi- square analysis or Fisher's exact test, when appropriate, 
for categorical measures. The continuous measures include age, PAR score, HLD-Cal 
score, Salzmann score, modified TPI score, and DI score. Categorical measures 
include gender, race/ ethnicity, Mass Health status, dentition stage, presence of medical 
conditions, oral habits, treatment modality (comprehensive, orthognathic, lnvisalign, 
limited, or interceptive), Angle classification (class I, class II, or class Ill), presence or 
absence of certain occlusal traits as anterior crossbite, posterior crossbite, openbite, 
and IOTN-DHC score. 
Reliability measures. Percent agreement is the ratio of the number of times two 
assessments agree, divided by the total number of assessments performed. The 
McNemar test was used to compare eligibility status as determined by casts and 
photographs in each state. This test is often used when a dichotomous outcome is 
measured under two different circumstances, as it compares two binomial proportions in 
a paired sample (Walker, 2010). 
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The weighted Kappa statistic was used to measure agreement in eligibility 
determination and molar classification between casts and photographs. The weighted 
Kappa statistic has the ability to correct for the percentage agreement beyond chance 
agreement. Weighted Kappa has an advantage over the Kappa statistic, especially for 
ordered categories, as it does not treat all disagreement as total disagreement. It 
assigns different weights to subjects for whom the raters differ by i categories, so that 
different levels of agreement can contribute to the value of Kappa (Joseph L. Fleiss, 
2003; MedCalc Software, 2011 ). Kappa statistic values range from 0 to 1 and the 
degree of agreement could be classified according to Landis and Koch as: poor, =0; 
slight, 0.01-0.20; fair, 0.21-0.40; moderate, 0.41-0.60; substantial, 0.61-0.80; and 
almost perfect, 0.81-1.00 (J. R. Landis & G. G. Koch, 1977). 
In order to assess the agreement in occlusal index scores between casts and 
photographs, intra-class correlation coefficient (ICC) for single observations as 
described by Winer was calculated (Winer, 1991 ). ICC is usually used to assess 
reproducibility of a continuous measurement that is repeated for the same subject and 
the same classification as proposed by Landis and Koch and is used to describe the 
strength of agreement (J. R. Landis & G. G. Koch, 1977). The %ICC9 macro was used 
to compute ICC and their 95% confidence intervals (Hertzmark & Spiegelman, 2010). 
There has been no universal agreement on the classification of the agreement or 
reliability based on the ICC value. Different classification categories have been 
proposed and are listed in Table 1 (Littlejohn, 2008). For this research study, the Landis 
and Koch classification structure was used. 
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Table 1: Classifications for ICC values 
Source Interpretation 
(Bartko, 1966) Poor: 0 - 0.6, Good: 0.6 - 0.8, Excellent: 0.8 - 1.0 
(J. Landis & G. Slight: 0 - 0.2, Fair: 0.21 - 0.4, Moderate 0.41 - 0.60, Substantial 
Koch, 1977) 0.61 - 0.80, Almost perfect 0.81 - 1.0 
(J. L. Fleiss, 1986) Poor: 0 - 0.4, Fair to Good: 0.40 -0.75, Excellent 0.75 - 1.0 
(Sleivert, 1994) Poor: 0 - 0.59, Fair: 0.60 - 0.79, Good: 0.8 - 1.0 
(Shrout, 1998) Virtually none: 0 - 0.1, Slight: 0.11 - 0.40, Fair: 0.41 - 0.60, Moderate: 0.61 - 0.80, Substantial: 0.81 - 1.0 
~~-
-
Poor: 0 - 0.39, Fair: 0.40 - 0.59, Good: 0.60 - 0.74, Excellent: 
.... 
H(~ 0.75-1.0 
(Koumantakis, Poor: 0 - 0.69, Fair: 0.70 - 0.79, Good: 0.80 - 0.89, High: 0.90 -
2002) 0.99 
Multivariate analyses. Multivariate regression analyses were performed to 
predict the accuracy of photographs in determining Medicaid eligibility, and to predict 
occlusal indices scores from cast. A linear regression analysis was used to predict cast 
occlusal indices score from photograph occlusal indices score, while adjusting for 
malocclusion severity. The standardized beta coefficients were used to identify which 
malocclusion severity showed a greater accuracy in predicting the occlusal index score. 
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Third Aim Methodology {Differences in Medicaid Orthodontic Eligibility at the 
State- Level} 
Study Sample 
The sample for this this aim is hypothetical population in which eligibility for 
Medicaid orthodontic coverage is determined in each of the included 48 states 
according to each state eligibility criteria. 
Data Management 
From the previously created dataset, forty-nine dichotomous variables were 
created to categorize each subject's eligibility (eligible or not) in each included State 
based on casts. Another set of 49 variables categorizing each subject's eligibility based 
on photographs was also created. In order to perform Generalized Estimated Equation 
(GEE) statistical analysis at the state level, another data set was created by transposing 
the data set from one row per subject, to multiple rows per subject for each state. 
Study Variables 
Outcome measure. The outcome variable was eligibility status in each state, 
which was measured as a dichotomous variable. Each State uses a specific index and 
cutoff score or special criteria to determine eligibility for orthodontic coverage under 
Medicaid. For example, both Connecticut and Illinois use the Salzmann index. However, 
Connecticut's cutoff score for Medicaid eligibility for orthodontic coverage is a score of 
24 while it is 42 in Illinois. 
Explanatory variables. The predictor variables were the different indices or 
special forms used by the states, the different cutoff points for the same index (HLD or 
Salzmann), or different diagnostic records (intraoral photographs and plaster models). 
The potential confounder is malocclusion severity, a categorical variable, including mild, 
moderate, and severe. 
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Statistical Analyses Plan 
The data were collected by applying the different state's eligibility criteria on the 
same subjects from the BU orthodontic patients records, which raises the issue of inter-
related repeated measures. This issue was addressed by using a specialized 
multivariate regression analysis, the generalized estimated equation, which assesses 
the effects associated with the chosen predictors (index used and malocclusion 
severity) to explain differences that might exist between the states when determining 
eligibility status. Generalized Estimated Equations (GEE) is unique in its statistical 
ability to provide a flexible setting to model inter-related data at the person and the state 
level. It estimates a categorical outcome while accounting for potential variability within 
and between subject and state level analysis. We needed to account for the highly 
correlated nature of the data with 48 measurements; one representing each state, each 
performed twice on each subject ( once on cast and once on photograph). For this 
analysis, the GENMOD procedure with logistic (logit) link was used. 
Ethical Considerations 
Human Subjects Approval 
The Office of the Institutional Review Board (IRB) of Boston University Medical 
Center approved the research protocol for this study as "exempt" on 01/03/2011, 
protocol number H-30122. (Appendix B: IRB approval letter) 
Confidentiality 
In compliance with the HIPAA rules and regulations and to minimize the potential 
loss of confidentiality several measures were employed: no identifiable information was 
collected on the data collection form, data obtained from all data sources (Cast study 
models, radiographs, intra-oral photographs, and charts) for each subject was collected 
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in one setting, no master codes were made to link the data collected from subjects to 
their dental records. In order to assure that a dental record would not be reviewed twice 
and since the dental record number of charts reviewed was not recorded, 300 random 
digit numbers were generated without replacement using the SAS program for the 
range of dental record numbers we were reviewing. To be on the safe side, 300 
numbers were generated for our 150-sample size to account for possible ineligible 
subjects due to incomplete, missing, or poor quality records. Once a specific record was 
reviewed from the randomization table, that record number was crossed out. 
Informed Consent Process 
Since pre-existing orthodontic records taken as part of the standard of care for 
orthodontic patients were used and no identifiable information were collected, obtaining 
informed consent was neither applicable nor necessary. Informed consent was waived 
according to the IRB approval and waiver of HIPAA Authorization since there is minimal 
risk to subjects' privacy and it is not practical to obtain authorization from subjects. 
(Appendix C: IRB Research Privacy Application Waiver of Authorization) 
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Chapter V: RESULTS 
The results section will continue to be organized under 3 subsections to 
correspond to each of the three main objectives of this dissertation. 
State Medicaid Eligibility for Orthodontic Coverage 
The study included all US states, except for Colorado and North Carolina (NC). 
This corresponds to a total of 48 states. The Medicaid dental directors in those two 
states refused to disclose the exact eligibility criteria, referred to them as being 
"proprietary", and would not release the specifics of how their decisions are made. NC 
Medicaid has criteria for handicapping malocclusion in their clinical coverage manual 
and that includes severe skeletal deformity, severe occlusal discrepancies, moderate-
severe crowding with functional intolerability, traumatic, complete and deep overbite, 
protrusive overjet greater than six millimeters, openbite greater than 4 to 5mm, 
psychosocial factors inhibiting the pursuit of life, or the potential that all problems will 
worsen. The probability for approval is increased when two or more of the 8 criteria 
coexist. While these criteria act as guidelines, final Medicaid eligibility is determined by 
a board certified orthodontist following review of the records, for malocclusion findings. 
The Medicaid dental director believes that this approach of not using an orthodontic 
index and threshold score allows for more flexibility in the approval process. For 
Colorado, the Medicaid provider bulletin lists the following conditions as handicapping 
malocclusion for orthodontic treatment: a severe malocclusion a result of an accident, 
injury, a condition that was present at birth, medical condition, facial skeletal condition, 
or tooth size to arch length discrepancy. Cases are reviewed by one of three providers 
at the Colorado reviewing agency and the review process is proprietary. 
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Twenty-eight states had information about orthodontic eligibility criteria available 
on their website, and nineteen states responded when approached by e-mail about the 
specifics of orthodontic coverage except North Carolina referred to such information as 
being "proprietary". States that responded to e-mail inquiry were contacts obtained from 
the list of the Medicaid dental program contact list. Three states were approached 
through personal contacts (West Virginia, Colorado, and Michigan). Colorado continued 
to refuse to release any information about orthodontic eligibility. 
Figure 1 displays the States categorized according to the indices or criteria used 
to determine orthodontic eligibility. States using the HLD index or its modifications are 
shown in yellow, States using Salzmann index are in blue, several states use Medical 
necessity as their eligibility criteria which are shown in purple, Idaho is the only that 
state uses a modified version TPI (colored in red). Massachusetts is the only state using 
PAR (green), and the remaining fourteen state use their own forms (shown in orange). It 
is interesting to note that Salzmann index was the first index developed in the 1960's 
specifically to determine Medicaid eligibility (Salzmann, 1967, 1968). In 1985, the 
American Association of Orthodontics decided it should not remain as the gold standard 
and did not adopt any other index or classification to take it's place (Kulkarni, 2005). As 
a result, the Salzmann index is used less frequently now. 
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Figure 1. The distribution of the use of occlusal indices/ criteria by each state Medicaid 
The most commonly used index is the HLD index as it is used by 35% of the 
states ( 17 states). Special forms were used by 29% of the states ( 14 states), Salzmann 
index by almost 19% of the states (9 states), and Medical necessity as the eligibility 
criteria was used in 12.5% of the states (6 states). Both of the PAR and TPI were used 
by only one state. When looking at the distribution of the indices/ criteria used by US 
regions, HLD index is used more in the West region followed by South, while the 
Salzmann index is used more in the Midwest regions followed by Northeast states. The 
use of special forms to be almost equally distributed in the Northeast, Southern, and 
Midwest regions. However when Fisher's Exact test was performed (Table 2) to test if 
there is a significant difference in the distribution of the indices/ criteria used by US 
regions, no statistically significant difference was observed (p=0.52). 
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Table 2. Comparisons of indices/ criteria used by US regions 
Count Medical Other (special Total% Necessity HLD Salzmann form, PAR, Row% TPI) 
2 6 2 5 
South 4.17 12.50 4.17 10.42 
13.33 40.00 13.33 33.33 
0 3 2 4 
Northeast 0.00 6.25 4.17 8.33 
0.00 33.33 22.22 44.44 
1 2 4 5 
Midwest 2.08 4.17 8.33 10.42 
8.33 16.67 33.33 41.67 
3 6 1 2 
West 6.25 12.50 2.08 4.17 
25.00 50.00 8.33 16.67 
Total 6 17 9 16 
Fisher's Exact Test (p= 0.52) 
Since it is left to each state to specify its own criteria of what it defines as a 
handicapping malocclusion, some states have relied upon occlusal indices, while other 
states have designed their own eligibility criteria to identify individuals who have a 
handicapping orthodontic condition and will be accordingly eligible for orthodontic 
coverage under Medicaid in that state. For example New York State has its own set of 
criteria and does not use any specific index. 
Table 3 summarizes the criteria/ index and the cutoff point used to determine 
eligibility for orthodontic coverage under Medicaid in each state. The average cutoff 
threshold for the states using the HLD index or any of its modifications is about 26 
points (15, 40), while it is about 29 points (20, 42) for the states using the Salzmann 
index or any of its variants. 
Even the states that use the same occlusal index to determine eligibility for 
orthodontic services coverage under Medicaid sometimes use different cutoff points or 
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modifications of the original index. For example, both Oklahoma State and New Mexico 
State use the HLD-Cal index, with a cutoff score of 30. However, the Oklahoma version 
of HLD index scores additional conditions such as anterior spacing, posterior crossbite 
whether unilateral or bilateral, functional shift of the mandible, and midlines deviation. In 
contrast, the New Mexico version of the HLD index omits the automatic eligibility 
category of reverse overjet greater than 3.5 mm, but uses an additional pre-qualifying 
condition of impacted canine and/or incisor. 
In addition, the definition of a handicapping malocclusion is a somewhat dynamic 
process with some states changing their eligibility criteria. For example, Alaska changed 
from using medical necessity as their only pre-qualifying condition for orthodontic 
coverage under Medicaid in November 2009 to using an HLD score of 26 or greater 
along with the provisions for medical necessity to determine eligibility of orthodontic 
coverage. Furthermore, Massachusetts has assembled a task force to review the 
current criteria used, (PAR score of 24), and is expected to make eligibility criteria more 
stringent due to budgetary constraints. 
There are also differences among the states in the eligibility determination 
process. For example, Ohio requires submission of diagnostic records for authorization 
of Medicaid coverage including photographs, cephalometric film (including a tracing), 
complete series of radiographs or a panoramic radiograph, diagnostic plaster models, 
and a treatment plan. In contrast, Virginia requires only the submission of panoramic, 
cepholometric films, score sheets, and photographs. This implies that decisions are 
made based on photographs rather than from diagnostic models, despite the fact that 
the use of intraoral photographs in assessing treatment need has not been validated. 
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Table 3. State Medicaid indices / criteria and cutoff score used for determination of 
eligibility for orthodontic coverage 
Indices/ criteria State Cutoff score 
AL 
AZ 
HI 
Medical Necessity KS 
LA 
Ml 
OR 
HLD- Original AK 26 
RI 20 
WY 23 
WA 25 
AR 26 
CA 26 
HLD- Cal or its DE 26 
modification ME 26 
NJ 26 
NV 26 
MO 28 
NM 30 
OK 30 
NE 40 
HLD-MD or its MD 15 FL 26 
modification TX 26 
VA 20 
IA 21 
CT 24 
Salzmann- Original PA 25 TN 28 
UT 30 
WI 30 
IL 42 
Salzmann- Modified SD 40 
TPI (modified) ID 8 
PAR MA 24 
GA 
IN 
KY 
Special form MN At least one of the MS 
criteria 
MT 
ND 20 
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NH One or more of their 
criteria 
NY 
Minimum of 5 
symptoms with at least 
OH 2 of the symptoms 
under the dentofacial 
abnormality 
SC 35 
VT 1 major or 2 minor 
criteria 
WV 
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Agreement between Photographs and Orthodontic Casts in Assessing 
Orthodontic Treatment Need 
Descriptive Statistics 
A total of 416 orthodontic records at the Boston University Henry M. Goldman 
School of Dental Medicine were screened. One hundred forty nine (36%) were ineligible 
because they did not have complete records, mostly due to unavailability of initial 
plaster casts. These patients were either transfer cases or had initial casts in digital 
ORTHOCAD format. Because the distribution of malocclusion is primarily moderate, 
after accrual of the moderate cases, oversampling was needed to recruit mild and 
severe malocclusions to make sure our final sample included enough subjects with mild 
and severe categories of malocclusion. During this process 113 moderate cases were 
excluded. The final sample size was a total of 154 subjects, with approximately 50 in 
each category of malocclusion severity (Figure 2). 
Figure 2. Flowchart for data collection process 
149 
Ineligible 
113 
Excluded during 
oversampling 
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Demographic characteristics. Table 4 shows the demographic characteristics 
of the study sample. The study sample had a mean age of 20 years with a wide range 
from 9 to 73 years old. Females exceeded the number of males in this sample, as 60% 
of the study subjects were female. Approximately one third of the sample were white 
(34%), 29% were Hispanic, 24% were African American, 11 % were Asians (11 %), and 
about 1 % were from other races. Medicaid and non-Medicaid patients were equally 
represented in this sample, and most subjects had their permanent dentition (84%). 
Only two subjects were found to have medical conditions and another two reported oral 
habits. The majority of subjects received comprehensive orthodontic treatment (84%). 
Each of the orthognathic surgery and lnvisalign treatment modalities represented 7% of 
the study sample. Limited or interceptive treatments were infrequent as they represent 
only 3% of the sample. This is not surprising as the orthognathic, lnvisalign, and limited 
treatment modalities are reserved for the less common extreme cases; orthognathic for 
severe malocclusions, while lnvisalign is used for mild types of malocclusion. 
Malocclusion characteristics. Table 5 shows that 54% of this sample had 
Angle Class I malocclusion, 26% had Class II malocclusion and 20% had class Ill 
malocclusion. Compared to the NHANES Ill data (Proffit, et al., 1998), the BU study 
sample had a similar prevalence of Angle class I malocclusion as the national average 
(50-55%). However, class II and class Ill malocclusion were over represented in this 
sample compared to NHANES Ill figures, because of the oversampling technique 
needed to allow for meaningful comparisons across the malocclusion severities. Twenty 
six percent of the study sample had class II in comparison to the 13-23% national 
average, while 20% had class Ill in comparison to 1 % of the national average. Anterior 
crossbite, posterior crossbite, and openbite were frequently encountered in the study 
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sample, (41 %, 36%, and 10% respectively), while NHANES Ill figures for these kinds of 
malocclusion characteristics were much less prevalent at 1 %, 9.1 %, 3.3% respectively. 
Table 4. Demographic characteristics of the study sample 
Variable Mean± (Min-Max}% 
N=154 SDN 
Age (years} 20.2±10.7 (9-73) 
Gender 
Female 90 58% 
Male 64 42% 
Race/ Ethnicity 
White 51 34% 
Hispanic 44 29% 
African American 36 24% 
Asian 17 11% 
Other 2 1% 
Mass Health (yes} 77 50% 
Dentition 
Mixed 24 16% 
Permanent 130 84% 
Medical Condition 2 1% (yes} 
Oral Habits (yes} 2 1% 
Treatment 
Comprehensive 129 84% 
Orthognathic 10 7% 
lnvisalign 10 7% 
Limited 3 2% 
lnterceptive 2 1% 
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Table 5. Malocclusion characteristics of the study sample 
Variable 
N % NHANES Ill N=154 
Angle Classification 
Class I 83 54% 50-55% 
Class II 40 26% 13-23% 
Class Ill 30 20% 1% 
Malocclusion Characteristics 
Anterior crossbite 63 41% 1% 
Posterior crossbite 56 36% 9.1% 
Openbite 16 10% 3.3% 
Since sampling was stratified based on malocclusion severity, the range of each 
of the interval occlusal index scores was relatively wide as shown in Table 5. All of the 
occlusal indices used were interval indices, with the exception of the IOTN, which is 
measured as an ordinal scale. The IOTN has two components: the Dental Health 
Component (DHC) and the Aesthetic Component (AC). The DHC is based on occlusion 
features and the AC is based on the observer scoring the attractiveness in comparison 
to a 10-image scale. In this study sample few patients had grade 1 and 2's of the IOTN-
DHC, while almost 55% of patients were grade 4 or 5. These was expected in a 
population of individuals undergoing orthodontic treatment since grade 1 represents the 
mildest malocclusion which may not always seek orthodontic treatment, and grade 5 
represents the most severe form which are less prevalent. 
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Table 6. Occlusal indices scores of the study sample 
Variable Mean±SD (Min-Max) 
N=154 N % 
PAR index score 29.0 ± 15.5 (1-61) 
HLD-Cal index score 17.5 ± 10.7 (0-63) 
Salzmann index score 25.6 ± 15.2 (0-69) 
Modified TPI score 2.9 ± 2.2 (0-10) 
DI score 19.6 ± 16.7 (0-101) 
IOTN-DHC Score 
Grade 1 1 0.7% 
Grade 2 26 17% 
Grade 3 43 28% 
Grade 4 52 34% 
Grade 5 32 21% 
Bivariate Analyses 
Demographic indicators. Comparative analysis between the three-malocclusion 
severities (mild, moderate, and severe) by demographic indicators is summarized in 
Table 7. The mean age highest for the mild malocclusion group was 24 years, while it 
was 19 years, for the moderate malocclusion group, and lowest ( 18 years) for the 
severe malocclusion category. Mild malocclusion patients were a statistically significant 
6 years older than the severe group. This indicates that the more severe the 
malocclusion is, the earlier orthodontic treatment is sought. While the mild group was 
more likely to be female (72%) than the other two groups, this difference was not 
statistically significant (p=0.06). In terms of racial/ ethnic differences, there were 
statistically significant differences (p= 0.006) across the malocclusion severities. The 
mild malocclusion patients were more likely to be White. Similar proportions of African 
American and Hispanics had moderate or severe malocclusion, while Asians were most 
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likely to have severe malocclusion. Patients treated under Mass Health (Massachusetts 
State Medicaid program) were more likely to exhibit moderate or severe malocclusion 
severity (p <0.0001 ). This would be expected since milder forms of malocclusion would 
not qualify for Medicaid coverage as a handicapping malocclusion. 
There appear to be differences in dentition stage, presence of a medical 
condition, or habits among the three-malocclusion severities in this study sample, but 
these did not reach statistical significance. In terms of dentition stage, more permanent 
dentition cases are observed as milder forms of malocclusion compared to moderate 
and severe malocclusions (94%, 80% respectively). Medical conditions affecting 
malocclusion were observed in 20% of the severe malocclusion category, but were not 
reported for the mild or moderate category subjects. Oral habits were encountered in 
2% of the moderate and severe malocclusions. Primarily comprehensive treatment is 
the primary form of treatment performed at BU orthodontic clinics. Noticeably 
orthognathic cases were mainly performed on the severe cases, whereas lnvisalign, 
limited, and interceptive treatment were common treatment modalities for mild cases. 
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Table 7. Demographics and other sample characteristics across malocclusion 
severities 
Variable Mild Moderate Severe P-value N=154 N=50 N=54 N=50 
Age (years) 23.8 ±9.9* 19.3±12.1 17.6±8.8* 0.01* 
Gender (Female) 36 (72%) 28 (51.9%) 26 (52%) 0.06 
Race/ Ethnicity + 0.006* 
White 27 15 (28.9%) 9 (18.4%) (55.1 %) 
Hispanic 8 (16.3%) 17 (32.7%) 19 (38.8%) 
African 9 (18.4%) 14 (26.9%) 13 (26.5%) American 
Asian 5 (10.2%) 4 (7.7%) 8 (16.3%) 
Other 0 (0%) 2 (3.9%) 0 (0%) 
Mass Health (yes) 7 (14%) 31 (57.4%) 39 (78%) <0.0001* 
Dentition 0.06+ 
Mixed 3 (6%) 11 (20.4%) 10 (20%) 
Permanent 47 (94%) 43 (79.6%) 40 (80%) 
Medical Condition 0 (0%) 0 (0%) 2 (4%) + (yes) 0.2 
Oral Habits (yes) 0 (0%) 1 (1.85%) 1 (2%) + 1.0 
Treatment + <0.0001 
Comprehensive 37 (74%) 51 (94.4%) 41 (82%) 
Orthognathic 0 (0%) 1 (1.9%) 9 (18%) 
lnvisalign 9 (18%) 1 (1.9%) 0 (0%) 
Limited 2 (4%) 1 (1%) 0 (0%) 
lnterceptive 2 (4%) 0 (0%) 0 (0%) 
+ Fisher's exact test 
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Malocclusion characteristics. Comparisons of occlusal traits according to the 
degree of malocclusion severity are displayed in Table 8. Class I is the most prevalent 
category in the mild and moderate malocclusion groups. The prevalence of class II and 
class Ill increases as the severity of malocclusion increases. As anticipated, as the 
severity of malocclusion increases, the frequency of anterior crossbite, posterior 
crossbite, and openbite becomes significantly more frequent. 
Table 8. Occlusion characteristics across malocclusion severities 
Mild Moderate Severe 
Variable N=50 N=54 N=50 
N=154 -
N (%) N (%) N (%) P-value 
Angle Classification <0.0001 
Class I 38 (76%) 28 (52.8%) 17 (34%) 
Class II 10 (20%) 14 (26.4%) 15 (30%) 
Class Ill 2 (4%) 11 (20.8%) 18 (36%) 
Malocclusion Characteristics 
Anterior x-bite 7 (14%) 22 (40.7%) 34 (68%) <0.0001 
Posterior x- 7 (14%) 15 (27.8%) 34 (68%) <0.0001 bite 
Open bite 1 (2%) 5 (9.3%) 10 (20%) 0.01 * 
+ Fisher's exact test 
Table 9 shows the means and standard deviations for the different interval 
occlusal indices scores by malocclusion severity category. It illustrates the abilities of 
the various indices to capture differences between malocclusion severities. As 
expected, all mean occlusal index scores increase as the malocclusion category 
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increases in severity. When considering the fact that the ABO clinical examination 
considers a DI of 10 the minimum acceptable severity of malocclusion and a DI of 20 or 
greater is required for some cases, it is implied that DI less than 10 is considered mild, 
10 or greater is considered moderate, and 20 or greater is considered severe from the 
ABO point of view. One interesting observation is that the mean DI score for each of the 
three malocclusion severities in this sample was close to the ABO view as the mild 
malocclusion category had mean DI of 8±_6, the moderate malocclusion category had 
mean DI of 17_±_10, and the severe malocclusion category had mean DI of 34_±_19. 
Also table 9 shows the distribution of the IOTN-DHC grades ( 1 to 5) among the 
malocclusion severities. The mild malocclusion category was found mainly in grades 2 
and 3 of the IOTN-DHC (84%), while the moderate malocclusion group was mainly 
grades 3 and 4 (88% ), and the severe malocclusion category was primarily grades 4 
and 5 (94%). 
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Table 9. Comparisons of occlusal indices scores by malocclusion severity 
Mild Moderate Severe 
Occlusal Index N=50 N=54 N=50 
N=154 
Mean _±SD Mean _±SD Mean _±SD P-value 
PAR 11.2 ± 4.1 28.7 ± 6.42 47.16±5.6 <.0001 
HLD-Cal 8.17 ± 3.51 16.33 ± 5.58 28.06 ± 10.4 <.0001 
Salzmann 11.9 ± 7.66 24.31 ± 9.49 40.68 ± 11.96 <.0001 
TPI 0.94 ± 0.96 2.74 ± 1.58 4.9 ± 1.91 <.0001 
.. 
DI 8.06 ± 6.03 16.96 ± 9.95 33.95 ± 19.26 <.0001 
IOTN-DHC N (%) N (%) N (%) P-value 
Grade 1 1 (2%) 0 (0%) 0 (0%) < 0.0001+ 
Grade 2 25 (50%) 1 (1.9%) 0 (0%) 
Grade 3 17 (34%) 23 (42.6%) 3 (6%) 
Grade4 7 (14%) 25 (46.3%) 20 (40%) 
Grade 5 0 (0%) 5 (9.3%) 27 (54%) 
+ Fisher's exact test 
Reliability Measures 
In order to assess the extent of agreement between occlusal indices when using 
casts and photographs, Intraclass correlation coefficient (ICC) for interval indices and 
weighted Kappa for ordinal indices (such as IOTN-DHC and Angle's Molar 
classification) are summarized in Tables 10 and 11. Table 10 results show excellent 
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agreement between casts and photographs in scoring the different occlusal indices 
(PAR, HLD, Salzmann, TPI, and DI) with the range of ICC values falling between 0.91 
and 0.99. The modified TPI index had the lowest ICC of 0.91 and the DI had the highest 
ICC (0.99). Despite the different existing classifications for the ICC interpretation, they 
all agree that correlations of greater than 0.8 exhibit excellent reproducibility. 
Table 10. Agreement in occlusal indices scores between casts and photographs 
Occlusal Index ICC (95% Cl) N=154 
PAR 0.96 (0.95, 0.97) 
HLD 0.95 (0.93, 0.96) 
Salzmann 0.96 (0.94, 0.97) 
TPI 0.91 (0.88, 0.93) 
DI 0.99 (0.98, 0.99) 
ICC: Intraclass Correlation Coefficient 
In Table 11, the IOTN-DHC shows an excellent agreement between the casts 
and photographs (K =0.91, p <0.0001 ). However, Angle's molar classification does not 
show as strong agreement since the Kappa is 0.82. This may be attributed to the effect 
of the angulation when taking the photographs in showing the exact antro-posterior 
relationship. This suggests that intra-oral photographs may be sufficient for determining 
orthodontic treatment need, but may not be accurate enough for treatment planning of 
individual cases. 
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Table 11. Agreement between casts and photographs in IOTN-DHC and Angle's 
classification 
Occlusal Index or trait Weighted Kappa McNemar test 
N=154 (95% Cl) P-value 
IOTN-DHC 0.91 (0.87-0.95) <0.0001 
Angle's classification 0.82 (0. 75-0.89) <0.0001 
Multivariate Analyses 
Since the agreement between photographs and orthodontic casts is excellent, 
but not perfect for the various occlusal indices, it was imperative to determine in which 
direction the photographs scores fall compared to the orthodontic casts scores; 
specifically whether they over or underestimate the severity of malocclusion. Multiple 
linear regression models were performed to examine the accuracy of occlusal indices 
scores obtained from photographs in predicting occlusal indices scores obtained from 
casts while adjusting for malocclusion severity for each occlusal index (Tables 12-16). 
In each of those multiple regression models, the dependent variable is the occlusal 
index score using the casts and the independent variables are the occlusal index score 
using photographs and the categories of malocclusion severity (severe malocclusion is 
the reference category). 
Table 12, shows that the PAR index score recorded from the photographs 
significantly overestimates the PAR index score recorded from casts by 0.63 points after 
controlling for malocclusion severity (P-value <0.0001, R2= 95.14%). However, this PAR 
score of 0.63 is not a clinically significant difference, especially when considering that 
the range of PAR is from Oto 61. The effect of malocclusion severity on the accuracy of 
predicting PAR index score obtained from casts from PAR obtained from photographs 
indicates that the milder the malocclusion is, the greater the discrepancy between the 
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casts and photographs PAR index scores. Mild and moderate malocclusions had 13.3 
and 5.9 points respectively lower PAR score when scored from photographs than when 
scored from casts, compared to the reference category the severe malocclusion (P-
value <0.0001 ). This could be attributed to the fact that it is more difficult to capture 
smaller malalignment and milder occlusal discrepancies on photographs when 
compared to casts. 
Table 12. Linear regression model predicting PAR score obtained from casts from PAR 
score obtained from photographs 
Variable Estimate STB P-value 
PAR score from 0.63 0.64 <0.0001 photographs 
Severe Ref. 
Malocclusion Moderate -5.9 -0.18 <0.0001 Severity 
Mild -13.3 -0.40 <0.0001 
,l_ 0 R-95.141/o 
Table 13 illustrates the accuracy of the HLD index score obtained from 
photographs since it is equivalent to the HLD score obtained from casts after controlling 
for malocclusion severity (P-value <0.0001, R2= 92.58%). The effect of malocclusion 
severity on the accuracy of predicting cast HLD score from photographs HLD score 
showed that the milder the malocclusion is, the less accurate the photographs HLD 
score is. Mild and moderate malocclusions had 1.43 and 0.43 points respectively lower 
photographs HLD score than casts corresponding score compared to the reference 
category (severe malocclusion), but this did not reach statistical significance as P-
values were 0.12 and 0.55 respectively. 
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Table 13. Linear regression model predicting HLD score obtained from casts from HLD 
score obtained from photographs 
Variable Estimate STB P-value 
HLD from 1.0 0.92 <0.0001 photographs 
Severe Ref. - -
Malocclusion Moderate -0.43 -0.06 0.55 Severity 
Mild -1.43 -0.02 0.12 
i_ 0 R - 92.581/o 
The Salzmann score for photographs significantly overestimates that for casts, 
by 0.88 points (P-value <0.0001, R2= 92.42%) as shown in Table 14. However, a 
Salzmann score of 0.88 is not a clinically significant difference, when one considers that 
the range of Salzmann scores is from Oto 69. As previously, the effect of malocclusion 
severity on the accuracy of predicting cast score also holds for the Salzmann index. 
Mild and moderate malocclusions had 4.09 and 2.08 points respectively lower 
photographs score compared to casts when using the Salzmann index, in reference to 
the severe malocclusion category (P-value 0.002, 0.04 respectively). 
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Table 14. Linear regression model predicting Salzmann score obtained from casts from 
Salzmann score obtained from photographs 
Variable Estimate STB P-value 
Salzmann from 0.88 0.87 <0.0001 photographs 
Severe Ref. -
Malocclusion Moderate -2.08 -0.07 0.04 Severity 
Mild -4.09 -0.12 0.002 
.l_ 0 R - 92.421/o 
Scoring the TPI from photographs significantly overestimates the TPI score 
recorded from casts, by 0.89 points (P-value <0.0001, R2= 83.49% ). However, this is 
not a clinically significant difference knowing the range of TPI scores is from 0 to 10 
(Table 15). The effect of malocclusion severity on the accuracy of predicting casts TPI 
score showed that mild and moderate malocclusions had 0.32 and 0.07 points 
respectively, lower photograph TPI score than casts TPI score compared to the 
reference category of severe malocclusion (P-value 0.26, 0.76 respectively). 
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Table 15. Linear regression model predicting TPI score obtained from casts from TPI 
score obtained from photographs 
Variable Estimate STB P-value 
TPI from photographs 0.89 0.87 <0.0001 
Severe Ref. - -
Malocclusion Severity Moderate -0.07 -0.07 0.76 
Mild -0.32 -0.01 0.26 
,:l_ 0 R -83.49 1/o 
The DI is the index used by the American Board of Orthodontics for assessing 
pre-treatment malocclusion severity. Table 16, shows that DI scores recorded from 
photographs were very close to DI scores recorded from casts with tendency to slightly 
overestimate (P-value <0.0001, R2= 97.53%). The effect of malocclusion severity on the 
accuracy of predicting cast DI score from photographs DI score showed that the milder 
the malocclusion, the less accurate the DI score obtained from photographs. Mild and 
moderate malocclusions had 1.2 and 0.55 points respectively lower photographs DI 
score than casts DI score compared to the severe malocclusion category, but this did 
not reach statistical significance as P-values were 0.08, 0.34 respectively. 
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Table 16. Linear regression model predicting DI score obtained from casts from DI 
score obtained from photographs 
Variable Estimate STB P-value 
DI from photographs 0.96 0.97 <0.0001 
Severe Ref. - -
Malocclusion Severity Moderate -0.55 -0.03 0.34 
Mild -1.20 -0.02 0.08 
1:l_ 0 R - 97.531/o 
In summary, the scoring from photographs tends to slightly overestimate scoring 
from casts by statistically significant, but clinically insignificant amount. The range of 
scoring differences for the different occlusal indices including PAR, HLD, Salzmann, 
TPI, and DI were 0.63 to 1 points. All occlusal indices, consistently found that milder 
malocclusion produced greater discrepancy between casts and photographs scores. 
This could be attributed to the difficulty in observing and scoring milder malocclusion 
discrepancies on photographs. 
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Differences in Medicaid Orthodontic Eligibility at the State-Level 
Descriptive Statistics at the State-level 
The percentage distribution of eligible cases for Medicaid Orthodontic Coverage 
across the US is illustrated in Figure 3. The darker the state color, the greater the 
percentage of eligible subjects in that state for orthodontic treatment under Medicaid in 
the study sample. Southern states had the highest percentage of orthodontics coverage 
eligibilty (more than 45%), followed by the Northeastern and West states then the 
Midwestern states. Orthodontic coverage was lowest (less than 15%) for Western 
states, followed by Midwestern, Southern, then Northeastern states. Fisher's Exact test 
was performed to test if there is a significant difference in the distribution of percentage 
of eligible subjects for Medicaid Orthodontic Coverage by US regions (Table 17), no 
statistically significant difference was observed (p=0.08). 
Figure 3. The USA map showing the distribution of the percentage of eligible 
subjects for Medicaid orthodontic coverage in each state 
Eligibility% 
Excluded 
0 -14.99 
15-29 .99 
30- 44.8 
>45% 
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Table 17. Comparisons of the percentage of eligible subjects for Medicaid orthodontic 
coverage by US regions 
Count 
Total% 0-14.9% 15-29.9% 30-44.9% >45% 
Row% 
4 2 4 6 
South 8.16 4.08 8.16 12.24 
25.00 12.50 25.00 37.50 
0 4 0 5 
Northeast 0.00 8.16 0.00 10.20 
0.00 44.44 0.00 55.56 
5 1 2 4 
Midwest 10.20 2.04 4.08 8.16 
41.67 8.33 16.67 33.33 
6 1 0 5 
West 12.24 2.04 0.00 10.20 
50.00 8.33 0.00 41.67 
Total 
I 
15 8 6 20 
Fisher's Exact Test (p= 0.08) 
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The Figure 4 histogram shows the frequency distribution of eligible subjects in 
the study sample after applying each state's eligibility criteria, stratified according to the 
indices/ criteria used. States using the HLD index (colored in yellow) are the most likely 
to categorize subjects as eligible, while states using medical necessity (purple color) as 
their eligibility criteria were the least likely to identify a need for treatment under these 
State Medicaid. The only state that used the modified TPI (red color) identified the 
fewest Medicaid eligible subjects of the states that use an occlusal index. The variation 
seen within each index used reflects the different cutoff points or modifications that each 
state uses as in the HLD index or Salzmann index groups. It is interesting to note that 
Alaska changed eligibility criteria in November 2010 from medical necessity to the HLD 
index with a cutoff point of 26, which increased the proportion of eligible cases from 1 % 
to 21 %. This raises the question of whether eligibility varies significantly between the 
states based on the index/ criteria used? 
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State- Level GEE Model to Assess Differences in Medicaid Orthodontic Eligibility 
When Using Different Orthodontic Indices or Different Cutoff Points for the Same 
Index 
The initial state-level General Estimating Equation (GEE) multivariate analyses 
were performed to assess whether differences in Medicaid orthodontic eligibility status 
varied between the states using different eligibility criteria / occlusal indices while 
controlling for malocclusion severity (Table 18). The dependent variable is being eligible 
or not for each state index for each subject. The eligibility is measured for different 
levels of malocclusion severity for each index. The index type for the selected states 
and the malocclusion severity are the independent variables in this GEE model. In order 
to make meaningful comparisons, one state representing each index was chosen 
randomly for this multivariate analysis; Alabama for Medical necessity, Illinois for 
Salzmann, California for HLD, Idaho the only state using TPI, and five states special 
forms including NH, NY, OH, SC, VT. The term special form indicates that the state 
established its own malocclusion assessment form and did not adopt any pre-existing 
occlusal index. These five states were chosen specifically from the states using special 
forms based on comparing the content of their malocclusion assessment (i.e., occlusal 
traits recorded and the method of scoring) in order to avoid redundancy by using forms 
that are similar. Malocclusion severity is a categorical variable based on the PAR score; 
PAR~ 17 corresponded to mild malocclusion, a PAR score between 17 and 39 
corresponded to moderate malocclusion, and ~ 39 corresponded to severe 
malocclusion (reference group). 
The GEE Model was used to estimate the association between the index/ criteria 
used and the determination of orthodontic coverage eligibility under Medicaid at the 
state-level while controlling for the malocclusion severity (Table 18). This model 
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indicated that there were statistically significant differences for most of the indices and 
special forms in comparison to the PAR index (Reference index). The PAR index was 
used as the reference index since it is the most validated occlusal index in the literature 
and because the only state which uses PAR, Massachusetts, uses a cutoff score of 24 
points. Overall, those states using Medical necessity, Salzmann, TPI, and special forms 
(specifically OH, SC, and VT forms), were all between 90-99% less likely to identify a 
subject as being Medicaid eligible compared to those states using the PAR index. 
States using HLD or NY special form were not statistically different from the PAR index. 
When comparing the states which use medical necessity as their eligibility criteria 
to those the states using the PAR index, a person would have 99.9% (OR 0.001) less 
chance of being eligible in a state which uses medical necessity as eligibility criteria 
(such as Alabama) than in a state using PAR index with a score of 24 for their eligibility 
criteria (such as Massachusetts). This was statically significant with a p-value of 
<0.0001. Thus, using Medical necessity as the eligibility criteria for orthodontic coverage 
is a very strict criterion to qualify for Medicaid orthodontic coverage. 
In a state using HLD index with a cutoff score of 26 (such as California), a person 
would have 38% (OR 0.62) less chance of being eligible than in a state using the PAR 
index (such as Massachusetts). However, this finding was not statistically significant, 
with a p-value equal to 0.17. This indicates that HLD and PAR index were relatively 
comparable in determining eligibility for orthodontic coverage under Medicaid. In a state 
using Salzmann index with a cutoff score of 42 (such as Illinois), a person would have 
98% (OR 0.02) less chance of being eligible than in a state using the PAR index, with a 
p-value < 0.0001. This indicates that Salzmann index at a cutoff of 42 is significantly 
stricter than the PAR index at a cutoff of 24 in identifying subjects as being eligible for 
orthodontic coverage under Medicaid. In a state using TPI index with a cutoff score of 8 
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(only Idaho state), a person would have 99.8% less chance of being eligible than in a 
state using the PAR index (such as Massachusetts), with a p-value <0.0001. Thus, the 
TPI is almost as strict as using medical necessity as the eligibility criteria when 
compared to the PAR index. 
Among the different special forms, the form used by NY is the least restrictive in 
identifying eligible subjects for orthodontic coverage under Medicaid, while the form 
used by Ohio is the most restrictive. A patient assessed by NY State would have 26% 
less chance of being eligible compared to the PAR index assessment. However, this 
difference was not statistically significantly different, with a p-value of 0.39. This infers 
that the NY special form is comparable to the PAR in determining eligibility for Medicaid 
funded orthodontic treatment. The NH State special form produced 61 % less chance of 
finding eligibility than the PAR index, p-value is 0.007. Ohio, South Carolina, and 
Vermont special forms were very restrictive in identifying subjects as being eligible for 
orthodontic coverage when compared to the PAR index. The odds ratio for OH, SC, and 
VT ranged from 0.0005 to 0.1 with the p-value <0.0001. This suggests that these three 
custom forms were comparable to using Medical necessity as the eligibility criteria for 
orthodontic coverage. 
When comparing malocclusion severities in the GEE model, the milder the 
malocclusion is the least likely to be eligible for orthodontic treatment under Medicaid; 
this was statistically significant with p-value less than <0.0001. A person with moderate 
malocclusion would have 94% (OR 0.06) or with mild malocclusion would have 99.9% 
(OR 0.001) less chance of being eligible when compared to a person with severe 
malocclusion. 
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Table 18. GEE model for the effects of using different occlusal indices/ criteria on 
predicting eligibility for Medicaid orthodontic coverage at the state- level 
Class Parameter (state) OR (95% Cl) P-value 
PAR (MA) Reference 
Medical necessity {AL) 0.001 (0.0002, 0.005) <0.0001* 
HLD (CA) 0.62 (0.31, 1.22) 0.17 
Salzmann (IL) 0.02 (0.008, 0.09) <0.0001* 
.! 
Modified TPI (ID) 0.002 (0.0009, 0.008) <0.0001* 
J! Special form 1 (NH) 0.39 (0.2, 0.78) 0.007* u, 
Special form 2 (NY) 0.74 (0.37, 1.46) 0.39 
Special form 3 (OH) 0.0005 (0.00006, 0.004) <0.0001* 
Special form 4 (SC) 0.1 (0.02, 0.1) <0.0001* 
Special form 5 (VT) 0.06 (0.03, 0.12) <0.0001* 
~ Mild 0.001 (0.0005, 0.004) <0.0001* 
~-c: 
0.06 (0.03, 0.1) <0.0001* <( Cl) Moderate 
D. > Cl) 
u, 
Severe Reference 
To further explore the effect of the different cutoff points of HLD and Salzmann 
indices on Medicaid eligibility determination, a separate GEE model was used for each 
of the indices while adjusting for the different cutoff points and malocclusion severity at 
the state-level (Table 19 and 20). In these two GEE models, the dependent variable is 
the dichotomous variable of being eligible or not for each cutoff point at the state level, 
when using HLD or Salzmann indices respectively, and the independent variables are 
the different cutoff points used by the states and the categorical variable of 
malocclusion severity. 
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Table 19 shows the GEE model testing whether different cutoff points for the 
HLD index (23, 25, 26, 28, 30, 40) made statistically significant differences in predicting 
eligibility at the state-level, while controlling for malocclusion severity. This GEE model 
indicated that there were no statistically significant differences in the ability of the 
different HLD index cutoff points in predicting eligibility at the state-level. As in the prior 
GEE model, the effect of malocclusion severity was statistically significant with p-value 
<0.0001, with the more severe malocclusion at increased odds of being Medicaid 
eligible for orthodontic coverage when using the HLD index. According to this model, a 
person with mild malocclusion (PAR~ 17) has 99.7% less the odds of being eligible and 
a person with moderate malocclusion (17 >PAR> 39) has 94% less the odds of being 
eligible compared to a person with severe malocclusion (PAR> 39). 
Table 19. GEE model assessing the effects of using different HLD cutoff scores on 
predicting eligibility for Medicaid orthodontic coverage at the state- level 
Class Parameter OR (95% Cl) P-value 
23 Reference 
25 3.03 (0.58, 2.13) 0.74 
:= 
0 26 1 (0.52, 1.91) 1.00 .. Cl) ::s ... 
oo 
cu 28 0.95 (0.5, 1.81) 0.87 
..J "' :c 
30 0.95 (0.49, 1.81) 0.87 
40 1.39 (0.65, 2.38) 0.51 
Mild 0.003 (0.001, 0.006) <0.0001* 
~ a:: ·c: 
c( Cl) Moderate 0.06 (0.03, 0.11) <0.0001* Q. > Cl) 
u, 
Severe Reference 
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Another GEE model explored the effects of the various Salzmann index cutoff 
points (20, 21, 24, 25, 28, 30, 40, 42) on Medicaid eligibility determination across the 
states (Table 20); these analyses found statistically significant differences in the ability 
of almost all Salzmann index cutoff points in identifying subjects as being eligible. The 
exception was for the cutoff point of 28, perhaps due to the probability of inflated 
standard error for this state pushing the p-value towards being non-significant or due to 
the correlated nature of the data. In general, there appears to be an inverse trend with 
the odds of Medicaid orthodontic coverage eligibility increasing as the Salzmann cutoff 
points move to lower thresholds. For example, a state using a Salzmann cutoff point of 
40 has 95% lower odds of being eligible compared to states using a Salzmann cutoff of 
20. This finding was statistically significant with a p-value less than 0.0001. As seen in 
prior models, as malocclusion severity increases, the odds for eligibility increases when 
using Salzmann index, the same trend still holds as in prior GEE models (Table 11 and 
12), with p-value <0.0001. According to this model, a person with mild malocclusion has 
99% lower the odds of being eligible, while a person with moderate malocclusion has 
90% lower the odds of being eligible compared to someone with severe malocclusion. 
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Table 20. GEE model for the effects of using different Salzmann cutoff scores on 
predicting eligibility for Medicaid orthodontic coverage at the state- level 
Class Parameter OR (95% Cl) P-value 
20 Reference 
21 5.28 (2. 77, 10.05) <.0001* 
It: 24 0.49 (0.26, 0.92) 0.03* 
0 
., 
:::::s 
0 Cl) 25 0.3 (0.16, 0.57) 0.0003* C ._ 
C 0 
ca u 
28 1.28 (0.69, 2.37) 0.43 Ecn 
N 
ci 
Cl) 30 0.14 (0.07, 0.29) <.0001* 
40 0.05 (0.02, 0.11) <.0001* 
42 0.16 (0.08, 0.32) <.0001* 
C Mild 0.007 (0.003, 0.01) <0.0001* 0 
·;;~ 
:::::s ·c: 
- Cl) Moderate 0.1 (0.06, 0.14) <0.0001* u > u Cl) 
.2 Cl) 
ca Severe Reference ::& 
Agreement between Photographs and Orthodontic Casts in Determination of 
Medicaid Eligibility for Orthodontic Coverage across the States 
Comparisons of Medicaid eligibility determination for orthodontic coverage across 
the states when using orthodontic casts and intra-oral digital photographs are illustrated 
in figure 5 and are grouped based on the criteria/ index used. The histogram visually 
shows close agreement between the casts and photographs in determining eligibility of 
Medicaid covered orthodontic treatment. From the histogram, it shows that when there 
is disagreement between casts and photographs in eligibility determination, 
photographs seem to underestimate Medicaid eligibility when using HLD or special 
forms and overestimate when using the Salzmann index. These visual observations are 
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tested formally to examine differences between casts and photographs in determination 
of eligibility for orthodontic coverage be performing the following statistical tests as 
appropriate; McNemar test, weighted Kappa statistic, Intraclass correlation coefficient 
(ICC), and GEE model predicting casts score from photographs while adjusting for 
possible confounders. 
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Figure 5. The distribution of eligible subjects for Medicaid orthodontic 
coverage when using the casts versus photographs in each state grouped 
according to the indices/ criteria used 
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Comparisons of eligibility status for orthodontic coverage were examined 
between photographs and orthodontic casts, and were assessed by using percent 
agreement and the McNemar test (Table 21 ). The percent agreement between 
photographs and casts was high, ranging between 91-100%. Overall, the McNemar test 
was not significant (p > 0.05), which indicates no statistically significant differences 
between the photographs and casts with all different types of criteria / indices in 
predicting Medicaid eligibility. Accordingly, it does not seem to matter whether eligibility 
decision for orthodontic treatment was based on casts or photographs. For those states 
showing 100% percent agreement, a McNemar test p-value was not attainable as this 
test focuses on the discordant pairs (pairs which the two raters or two readings 
disagree) and ignores concordant pairs (Walker, 2010). These states used medical 
necessity as their criteria of Medicaid eligibility for orthodontic coverage, which is 
obtained from the chart and is not therefore dependent on photographs or casts. 
Weighted Kappa statistic (K) is used to measure agreement in eligibility 
determination between casts and photographs. The weighted Kappa statistic has the 
advantage of correcting for the percentage agreement beyond chance agreement, and 
takes advantage of ordered categories by not treating all disagreements as total 
disagreement. In general, K values ranged from 0.67 to 1; i.e. "substantial" to "almost 
perfect" agreement (Table 21 ). States using medical necessity as their criteria for 
orthodontic converge under Medicaid had a K of 1.0 indicating perfect agreement. 
States using HLD, PAR, TPI, or special forms showed a K average of 0.84, 0.87, 0.89, 
and 0.96 respectively indicating almost perfect agreement. States using Salzmann 
index had a lower K average of 0.80, corresponding to substantial agreement, along 
with a wider 95% Cl for Kappa. The lower agreement with Salzmann index between 
photographs and cast might be attributed to the nature of the detailed scoring of the 
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Salzmann index as it scores each tooth in terms of rotation, crowding, open/ closed 
spaces, anteroposterior relation, transverse, and vertical. This detailed scoring would be 
expected to introduce greater discrepancy between scoring photographs and casts. 
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Table 21. Agreement between casts and photographs on eligibility determination of 
Medicaid orthodontic across the states 
State Index McNemar's Test Percent Kappa (K) K 95% Cl p-value Agreement 
AL -- 100% 1.00 1.00-1.00 
AZ ~ -- 100% 1.00 1.00-1.00 
·w 
HI 
en 
100% 1.00 1.00-1.00 Q) --0 
Q) 
KS z -- 100% 1.00 1.00-1.00 
LA 
as 100% 1.00 1.00-1.00 .2 --
-c 
Ml Q) 100% 1.00 1.00-1.00 ~ --
OR -- 100% 1.00 1.00-1.00 
AK 0.29 94.8% 0.83 0.73-0.95 
AR 0.11 92.9% 0.84 0.73-0.92 
. 
CA 1.00 93.5% 0.87 0.79-0.95 
DE 1.00 93.5% 0.87 0.79-0.95 
FL 0.07 94.8% 0.67 0.45-0.88 
ME 1.00 92.9% 0.77 0.64-0.90 
MD -- 100% 1.00 1.00-1.00 
MO 1.00 93.5% 0.87 0.79-0.95 
NE 
0 0.04 94.2% 0.88 0.81-0.96 ...J 
I 
NV 1.00 93.5% 0.87 0.79-0.95 
NJ 1.00 93.5% 0.87 0.79-0.95 
NM 1.00 92.2% 0.84 0.76-0.93 
OK 1.00 93.5% 0.87 0.79-0.95 
RI 0.14 92.2% 0.84 0.75-0.93 
TX 0.07 94.8% 0.67 0.45-0.88 
WA 0.77 92.2% 0.84 0.76-0.93 
WY 1.00 91.6% 0.83 0.74-0.92 
CT 0.39 92.2% 0.81 0.71-0.91 
IL C 1.00 94.2% 0.77 0.62-0.91 C 
as 
IA E 1.00 92.3% 0.81 0.71-0.90 N 
PA as 0.21 89.6% 0.71 0.58-0.84 en 
TN 1.00 96.8% 0.93 0.87-0.99 
89 
UT 1.00 94.8% 0.78 0.63-0.93 
VA 0.75 93.5% 0.86 0.78-0.94 
WI 1.00 94.8% 0.78 0.63-0.93 
SD 0.25 98.1% 0.79 0.56-1.00 
MA PAR 0.75 93.5% 0.87 0.79-0.95 
ID TPI 1.00 99.4% 0.89 0.66-1.00 
IN -- 100% 1.00 1.00-1.00 
GA 0.29 94.8% 0.83 0.72-0.95 
KY 1.00 96.1% 0.92 0.86-0.98 
MN 1.00 96.1% 0.92 0.86-0.98 
MS U) 0.73 94.8% 0.90 0.83-0.97 
MT E 1.00 99.4% 0.96 0.89-1.00 ..... 0 
LL NH ro 0.75 93.5% 0.87 0.79-0.95 
NY ·o 0.34 93.5% 0.87 0.79-0.95 Q) a. 
ND en 0.51 94.2% 0.87 0.79-0.95 
OH -- 100% 1.00 1.00-1.00 
SC 0.07 94.8% 0.85 0.74-0.95 
VT 1.00 96.1% 0.90 0.82-0.98 
WV 1.00 96.1% 0.92 0.86-0.98 
-- McNemar test p-value could not be calculated since the percent agreement is 100%. 
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Following stratification by eligibility criteria (Table 22), all indices, except for the 
Salzmann index, demonstrated almost perfect agreement (K > 0.8) between casts and 
photographs. Table 22 also shows kappa statistic results for the indices, including the 
percentage of states with a kappa value above 0.8, i.e. the cutoff between almost 
perfect and substantial agreement. It appears that 100% of the states using medical 
necessity, HLD, PAR, TPI, special forms had kappa statistic above 0.8. In contrast, only 
44% of the states using the Salzmann index had a kappa value above 0.8. This could 
be because of the detailed criteria used in scoring Salzmann index, which led to 
discrepancy in the eligibility determination between orthodontic casts and photographs. 
Table 22. Agreement (Kappa) between casts and photographs on eligibility 
determination when using different indices/ criteria 
Index No. of Kappa Range % above K of 0.8 States 
Medical 7 1-1 100% 
HLD 17 0.67-1 89% 
Salzmann 9 0.71-0.95 44% 
PAR 1 0.89 100% 
TPI 1 1 100% 
Special forms 13 0.83-0.96 100% 
Excluded 2 
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State- Level GEE Model to Assess Differences in Medicaid Orthodontic Eligibility 
When Using Photographs versus Plaster Models 
Generalized estimating equations (GEE) were carried out, with the PROC 
GENMOD procedure, to assess whether there are differences between casts and 
photographs in determining Medicaid eligibility, after adjusting for the correlated nature 
of the outcome data and controlling for malocclusion severity and the state (Table 23). 
In this GEE model, the dependent variable is the eligibility status at the state level, a 
dichotomous variable of being eligible or not. The independent variables are the state, 
the different levels of malocclusion severity, and the type of diagnostic record used to 
determine eligibility ( casts or photographs). 
It was found that casts are 12% more likely to find a subject as being Medicaid 
eligible compared to photographs. However, this was not a statistically significant 
difference as the p-value was 0.37. In addition, individuals with mild and moderate 
malocclusion were 99% and 94% respectively less likely to be eligible for orthodontic 
treatment under Medicaid compared to severe malocclusion. This finding was 
statistically significant with the p-values less than 0.0001. While the state was one 
important confounding factor to adjust for in this GENMOD model based on it's 
significant p-value (<0.0001 ), the interpretation of this relationship is not informative in 
this model given the complexity of the model. 
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Table 23. GENMOD procedure assessing the eligibility determination based on 
photographs versus casts 
Class Parameter OR (95% Cl) P-value 
.c. 
Cl) a. 
> ~ Cast 1 . 12 ( 0. 8 7, 1 .44) 0.37 
.... C) 
Cl) 0 (\1 .... (.) 0 Photograph Reference .c. 
a. 
C Mild 0.002 (0.001, 0.003) <0.0001* 
0 
"ui ~ 
:J"~ 
- Q) Moderate 0.06 (0.04, 0.08) <0.0001* 0 > 0 Q) Oen (\1 
~ Severe Reference 
Q) 
.... 
<0.0001* (\1 .... 
en 
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Chapter VI: DISCUSSION 
The first objective was to examine variation in eligibility criteria for orthodontic 
treatment under Medicaid across the states. For the states to determine eligibility for 
orthodontic coverage, twenty-eight states use an occlusal index, 14 states use a special 
form, and only 6 states use medical necessity as the only criteria. The most commonly 
used index is the HLD index with the average cutoff threshold being 26 points, followed 
by the Salzmann index with the average cutoff threshold being 29 points. Both of the 
PAR and modified TPI are used by only one state. 
The second study objective was to compare orthodontic casts and intraoral 
photographs as measured by orthodontic indices scoring. The results showed that 
photographs are valid and reliable for assessing orthodontic treatment need when 
compared to the gold standard "casts". While photographs tend to slightly overestimate 
occlusal indices scores (p-value <0.0001 ), this was not by a clinically meaningful 
amount since it is only by 0.63 to 1 points. Photographs accuracy was not uniform 
across malocclusion severities, as its accuracy decreases with milder malocclusions. 
This suggests that photographs might not be valid for the assessment of treatment 
quality when the discrepancy in occlusal characteristics is minimal and therefore is 
difficult to be captured by photographs. No published literature has been identified 
comparing the orthodontic casts to intra-oral photographs in the determination of 
orthodontic treatment need. However several studies did compare between orthodontic 
casts and digital models (Mayers, et al., 2005; Santoro, et al., 2003; Stevens, et al., 
2006), digital images of casts (Mok, et al., 2007), intra-oral exams (Ovsenik, Farcnik, & 
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Verdenik, 2004), or facial photographs (Sherlock, et al., 2008) in terms of orthodontic 
treatment need. 
The third objective of this study was to examine if there were differences 
between states in determining Medicaid eligibility of orthodontic treatment. The results 
of this study suggest significant differences in the determination of orthodontic treatment 
eligibility between the states after adjusting for malocclusion severity. This was 
attributed to the state's use of different indices/ criteria to determine eligibility. States 
using the PAR index, HLD index, and NY special form have showed eligibility 
determination of orthodontic coverage. However, states using Salzmann, TPI, medical 
necessity, and special forms as NH, OH, SC, VT were found to be significantly 
restrictive. The use of different cutoff points for an index did not appear to have a 
significant influence on eligibility determination, with the exception of the Salzmann 
index which showed an inverse trend with the odds of eligibility for Medicaid orthodontic 
coverage increasing as the Salzmann cutoff points move to lower thresholds. This might 
be explained by the fact that there is a wider range of cutoff points with Salzmann index 
across the states than there is for the HLD index and its variants (mean± SD; 28.9±7.8, 
26.2±5, respectively). 
Use of digital models as a substitute for orthodontic casts was found to be 
reliable. In agreement with our findings that photographs tend to slightly overestimate 
PAR index score recorded from casts by 0.63 points, some studies found that digital 
model score overestimate PAR score with mean difference in PAR score of 2.03 points 
between digital and plaster models (p-value 0.05) (Stevens, et al., 2006). On the 
contrary other studies found that digital models tend to underestimate occlusal indices 
scores as Mayers et al. who reported mean difference of PAR scores between digital 
and plaster models of 0.1 mm (p-value 0.82) (Mayers, et al., 2005) and Santoro et al. 
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who found mean differences in tooth size measurements and overbite measurements 
between digital and manual measurements being 0.49 mm only (p-value < 0.05) 
(Santoro, et al., 2003). 
Contrary to our findings that photographs tend to slightly overestimate 
orthodontic treatment need, Buchanan et al. reported poor agreement of photographs 
with casts or clinical intraoral measures with a tendency to underestimate the AC 
component of the IOTN. Nonetheless, they only used one photograph of the anterior 
occlusion, which makes assessment of overjet problems challenging. In contrast, this 
study used a composite of 5 intraoral photographs (Upper occlusal, lower occlusal, 
frontal, right buccal, and left buccal). Noteworthy was that the two examiners did not 
start with a great level of intra- and inter - examiner reliability since the corresponding 
IOTN-AC Kappa for each examiner was 0.71 and 0.86. This might have affected their 
findings of poor agreement (Buchanan, Downing, & Stirrups, 1994). 
The dental literature exploring substitutes for orthodontic casts are consistent 
with this study in that agreement between orthodontic casts and intra-oral photographs 
is excellent for assessing orthodontic treatment need. Our findings showed ICC for 
occlusal indices scoring ranging from 0.91 to 0.99, in agreement with Mayers et al. 
(Mayers, et al., 2005). Our results showed Kappa statistic of 0.91 for IOTN-DHC and 
0.82 for molar classification which shows a better agreement than those presented by 
Mok et al. who reported molar relationship classifications Kappa statistics for agreement 
between the plaster casts and their digital images to be more than 0.70, and 0.79 for 
IOTN-DHC. Mok et al. concluded that there was substantial agreement between the 
orthodontic casts and their images in assessing malocclusion status and orthodontic 
treatment need (Mok, et al., 2007). 
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Implications 
Recently, many budgetary constraints have been facing Medicaid. In 2005, the 
Secretary of the United States Department of Health and Human Services established 
the Medicaid Commission with the mandate to propose options to accomplish $10 
billion savings over five years in an attempt to maintain Medicaid sustainability (U.S. 
Department of Health and Human Services Assistant Secretary for Planning and 
Evaluation, 2005) In fact, Medicaid and CHIP dental expenditures increased by $4,164 
million between 2004 and 2010 (from $4,322 million to $8,486 million), which has been 
partially attributed to the increase in the U.S. population from 292.9 million in 2004 to 
308.7 million in 2010 (Wall, 2012). Underfunding of Medicaid continues to be a problem, 
especially with the increase in the number of eligible beneficiaries as a result of the poor 
economy. In fact, the Medicaid budget was cut across all Medicaid Programs in 2009 by 
4.5%, thus increasing the financial restraints on the Medicaid dental program due to the 
escalating need and budgetary cutbacks (Berndt, 2010). Each State made its own 
efforts and designed their own strategies to control the costs of their Medicaid program. 
This might explain the refusal of North Carolina and Colorado to release the Medicaid 
orthodontic eligibility specifics for analysis in this study. 
Disparities in access to dental health care in the United States have been 
attributed to inadequate public dental insurance for low-income families (Bailit & 
Beazoglou, 2008), which could be reduced if Medicaid eligibility for coverage of dental 
care, including orthodontic treatment among the different states, were more 
comparable. A state Medicaid dental program wishing to reduce the number of Medicaid 
eligible orthodontic cases could revise their eligibility criteria and use our data showing 
the proportion of eligible cases across the states (Figure 4) as a tool, since a state 
dental director may neither want to be the most restrictive nor the most generous. For 
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example, a state which uses the Salzmann index may want to decrease their 
orthodontic treatment expenditures which they could achieve by either changing the 
Salzmann cutoff threshold or by changing the index/ criteria. Thus the decision could 
be made based on the available state Medicaid funds and the expected proportion of 
eligible subjects for orthodontic coverage for the chosen index/ criteria. 
Strengths 
The study strengths are that it is the first study to examine differences in 
orthodontic eligibility determination under Medicaid across the States, and to examine 
the validity of using intra-oral photographs in assessing orthodontic treatment need. 
Using a single, calibrated examiner who has been trained in using the PAR and DI 
indices trained and is also another strength, as it ensures reliability of measurements. 
The study sampling design of using random digit numbers to allocate subjects, along 
with the use of oversampling to assure capturing a sufficient number of the different 
malocclusion severities is another strength of the study, as it reduces potential selection 
bias and allows for meaningful comparisons across malocclusion severity categories. 
The use of Advanced statistical analysis (GEE) is another strength of this study since it 
allowed for controlling of potential confounders, repeated measures effect of the 
dataset, and the correlated nature of the data, while performing subject level as well as 
state level analysis. 
Limitations 
There are several limitations related to our study. One is the inability to examine 
differences in eligibility determination among the states offering interceptive orthodontic 
treatment, since our sample did not have early mixed dentition cases, primarily because 
our study sample of BU orthodontic patients is mainly in the permanent or late mixed 
dentition stage. Although the intention was to encompass the entire United States, 2 
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states (CO and NC) refused to provide their orthodontic eligibility criteria under 
Medicaid. 
Another limitation is the inability to assess inter-examiner reliability, since only 
one examiner performed all data collection procedures and measurements. Therefore 
there is a potential chance of measurement bias. The training and calibration process 
minimizes this potential error. In addition, the fact that our study results show strong 
agreement between casts and photographs readings implies consistency in 
measurements. If intra-examiner reliability was a concern, it would not be possible to 
detect agreements between casts and photographs measurements. 
Moreover, the state of Maine uses emotional handicap as one of their qualifying 
conditions for being eligible for orthodontic coverage under Medicaid. However, we 
could not assess the impact of emotional handicap on eligibility determination of 
orthodontic coverage since the BU orthodontic charts do not include such assessments 
and it is not part of the standard pre-orthodontic treatment assessment. Examining the 
concept of incorporating psychosocial perception (Tsakos, 2008) such as the oral 
health- related quality of life (de Oliveira, Sheiham, Tsakos, & O'Brien, 2008) in 
assessing eligibility for orthodontic coverage under Medicaid is an interesting point to 
explore as it encompasses a more comprehensive view of handicapping malocclusion. 
Future Directions 
Future studies utilizing multiple examiners are encouraged in order to be able to 
assess inter-examiner reliability. This will validate the use of intraoral photographs in 
assessing orthodontic treatment need for Medicaid eligibility determination. It would also 
be interesting to repeat this study with a mixed dentition population, in order to explore 
differences in eligibility determination among the states allowing interceptive orthodontic 
treatment. Furthermore, assessing a more global concept of handicapping 
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malocclusion which concurrently assesses psychosocial aspects, in concert with 
occlusal indices to determine orthodontic treatment need is another interesting area of 
investigation. 
Although the PAR index has been used in research with mixed dentition subjects 
(Kerosuo, Vakiparta, Nystrom, & Heikinheimo, 2008; King, McGorray, Wheeler, Dolce, 
& Taylor, 2003; Ngan & Yiu, 2000; Pangrazio-Kulbersh, Kaczynski, & Shunock, 1999), 
the use of this index has not actually been validated for assessing malocclusion severity 
in mixed dentition. Therefore, another area of future research is to validate an occlusal 
index for use with mixed-dentition since none of the existing occlusal indices have been 
validated specifically for use with mixed-dentition. 
Conclusion 
In conclusion, the majority of the states (42 states) use either an existing occlusal 
index or a special form to record specific occlusal traits to determine eligibility for 
orthodontic coverage under Medicaid. Six states use medical necessity as the only 
eligibility criteria for Medicaid funded orthodontic coverage. 
The results of this study show that using intraoral photographs appears to be 
valid for assessing orthodontic treatment need when compared to the golden standard, 
orthodontic casts, but further investigation of inter-examiner reliability is needed. 
This study also concludes that Medicaid eligibility for orthodontic coverage varied 
widely between the states due to the different indices/ criteria used. When exploring the 
effect of different cutoff points on Medicaid orthodontic eligibility, there were no 
statistically significant differences for the HLD thresholds across the states using it. In 
contrast, a statistically significant difference was observed for the different thresholds 
with the Salzmann index. 
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The results of this study should be of interest at the federal level during this 
period of tight budgetary constraints. Future directions of this study could include 
disseminating this information to State dental Medicaid programs, especially those in 
the process of re-evaluating their orthodontic eligibility criteria. 
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Appendix A. Data collection forms 
Subject ID: 
PAR severity: Mild (<17) 
Record Review Date: / 
Moderate (~17, ~39) Severe (>39) 
I 
1. Records 
• pre-treatment casts 
• pre-treatment cephalograms 
• pre-treatment ceph analysis 
• pre-treatment intra-oral 
photographs 
2. Eligibility based on complete 
records 
3. Panoramic 
4. Full mouth x-ray (AR) 
5. Posterior-anterior cephalometric 
6. MH 
7. Age 
8. Gender 
9. Dentition: 
10. Medically qualifying condition? 
(AL, AK, AZ, HI, KS, LA, OR) 
11. If yes, what is it? 
Yes No 
Yes No 
Yes No 
Yes No 
Yes No 
Yes No 
Yes No 
Yes No 
Yes No 
Male Female 
Permanent Mixed Primary 
Yes No 
Congenital craniofacial or dentofacial 
Cleft palate and/ or cleft lip 
Trauma 
Other: 
---------
Comprehensive lnterceptive 
12. Treatment: Limited Minor to control harmful habits 
13. Habits: 
14. Masticatory and swallowing 
abnormalities (AZ, HI) chewing 
(HI) 
(ID) 
Thumb sucking 
Nail biting 
Mouth breathing(MT) 
specify: _____ _ 
Yes No 
Tongue thrust 
clenching (MT) 
others, 
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15. Respiratory problems (AZ) 
16. Serious verbal communication 
disturbance as determined by 
speech therapist (AZ, HI) 
17.AZ 
NJ: (HLD-NJ mod)= HLD-Cal 
except has additional automatic 
eligible condition: craniofacial 
anomaly 
(a) Congenital craniofacial or 
dentofacial malformations requiring 
reconstructive surgical and 
orthodontic services, or 
(b) Trauma requiring surgical 
treatment in addition to orthodontic 
services, or 
(c) Skeletal discrepancy involving 
maxillary and/or mandibular 
structures 
18. when there is a cranio-facial 
deformity, such as cleft palate, 
cleft lip, or other medical 
conditions which possibly results 
in a handicapping malocclusion 
(LA) 
19. Angle classification 
20. Molar Relationship (Mok et al) 
(Keeling et al, Angle) 
21.OJ in mm(%) 
22.OB in mm(%) 
Yes No 
Yes No 
Yes No 
Yes No 
Yes No 
Yes No 
Class I 
Class 11/1 
Class Ill 
Right: 
Class I 
Class 11/2 
subdivision 
1 /4 unit Class II 
1 /2 unit Class II 
3/4 unit Class 11 
full unit Class II 
> full unit Class II 
1/4 unit Class Ill 
1 /2 unit Class Ill 
3/4 unit Class 111 
full unit Class 111 
> full unit Class Ill 
%) 
%) 
subdivision 
Left: 
Class I 
1 /4 unit Class 11 
1 /2 unit Class II 
3/4 unit Class 11 
full unit Class 11 
> full unit Class 11 
1/4 unit Class Ill 
1 /2 unit Class Ill 
3/4 unit Class Ill 
full unit Class Ill 
> full unit Class 111 
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23. Crowding/ Spacing in mm 
24. Anterior Crowding 
(Keeling et al, Angle) 
For digital photographs: 
Width of U1= 
------
Width of L 1= 
------
Upper: 
> 6mm spacing 
>3 & ~6mm spacing 
>0 & ~3mm spacing 
no space or crowding 
>0 & ~3mm crowding 
>3 & ~6mm crowding 
> 6mm crowding 
Width of U6= OR Width of US= 
------ ------
Length of L 1 = ____ _ 
Record OJ: 
• Chart: 
------
• Ceph: ____ _ 
• Photographs: ____ _ 
• Cast: 
------
Lower: 
> 6mm spacing 
>3 & ~6mm spacing 
>0 & ~3mm spacing 
no space or crowding 
>0 & ~3mm crowding 
>3 & ~6mm crowding 
> 6mm crowding 
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WV: (Special form} 
1. OVER JET _____________ 2. OVER SIZE ________ _ 
3. MOLARRELATIONSIIlP R L 
------------
4. SKELETAL RELATIONSHIP I ______ II _______ Ill _____ _ 
5. MISSING TEETH 
-------------------------
6. IMPACTED TEETH _______________________ _ 
7. CROWDING 
--------------------------
8. CLEFT PALA TE 'YES NO 
----
9. CROSS BITE 
A-ANTERIOR TEETH ____________________ _ 
B- POSTERIOR TEETH L ___________________ _ 
C - POSTERIOR TEETH R 
--------------------
10. OPEN BITE 
A - ANTERIOR TEETH 
---------------------
B - POSTERIOR TEETH L ___________________ _ 
C - POSTERIOR TEETH R 
--------------------
11. COMMENTS : ________________________ _ 
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Colorado form (Special): 
2009 Handicapping Malocclusion Assessment 
2009 Handicapping I ~II orthodontic cases 
Malocclusion Assessment L--------------------------' 
. Describe corrective jaw surgery if it is a 
ossibility for this case . 
. Describe primary condition causing a severe 
1alocclusion . 
. Describe sianificant SKELETAL oroblems . 
. Report the SKELETAL case type as Class 1 ■ 
.1 ■ 2.2 ■ 3 . 
. Report the cephalometric ANB measurement 
) nearest full degree . 
. Report one finding that best describes tooth 3 
1 centric occlusion, 
00% ■ 75% ■ 50% ■ 25% Class ■ 1 ■ 2 ■ 3 . 
. Report one finding that best describes tooth 
4 in centric occlusion, 
00% ■ 75% ■ 50% ■ 25% Class ■ 1 ■ 2 ■ 3. 
. Report UPPER arch crowding ■ spacing to 
earest full mm. 
. Report LOWER arch crowding ■ spacing to 
earest full mm. 
0. Report over JET ■ under JET to nearest full 
,m. 
Class 
Class 
u 
Crowding 
L 
Crowding 
Over JET 
1. Report over BITE ■ open BITE to nearest ful 
,m. 
1Pver BITE 
2. ANTERIOR crossbite, list all UPPER and 
OWER teeth involved. 
3. ANTERIOR crossbite, report the incisal 
verlap of INDIVIDUAL teeth as 
Edge to Edge ■ Edge rotated to partial overlap 
Edge in complete overlap. 
4. ANTERIOR crossbite, describe periodontal 
roblems of teeth in crossbite. 
5. POSTERIOR crossbite, list all UPPER and 
OWER teeth involved. 
UnnAr 
Lower 
lJnnAr 
Lower 
Percent 
Percent 
U Spacing 
L Spacing 
UnderJET 
Open 
BITE 
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6. POSTERIOR crossbite, report the cusp 
verlap of INDIVIDUAL teeth as 
Cusp to Cusp ■ Cusp partially in fossa ■ Cusp 
ompletely in fossa 
Cusp completely buccal or lingual of tooth. 
7. POSTERIOR crossbite, 
3port the lateral functional shift resulting from 
,e crossbite in mm. 
8. List permanent teeth blocked out of arch 
> 75% and require both extractions and 
rthodontic guidance to erupt into the arch, 
xcluding 1 ■ 16■ 17■32. 
9. List permanent teeth currently impacted in 
one =>50% and require both surgical exposure 
nd orthodontic guidance to erupt into the arch, 
xcluding 1 ■ 16■ 17■32. 
0. List permanent teeth that are missing, 
xcluding 1 ■ 16■ 17■32. 
1. Describe any other significant orthodontic or 
ental problems. 
2. Report one finding that best describes the 
verall severity of this case, 
1ild ■ Moderate ■ Difficult ■ Severe ■ Extreme. 
116 
Phase One case Malocclusion Assessment 
2009 Handicapping I 
._ __________________ ____J 
CMAP only allows D8050 and D8060 for one or more of the five below listed conditions 
Documented Orthodontic condition 
1. Two or more teeth 6-11 in 
crossbite with photograph 
documenting 100% of the incisal 
edge in complete overlap with 
opposing tooth/teeth. 
2. Bilateral crossbite of teeth 3/14 and 
19/30 with photograph documenting 
cusp overlap completely in fossa, or 
completely buccal / lingual of 
opposing tooth. 
3. Bilateral crossbite of teeth A/T and 
J/K with bilateral photographs 
documenting cusp overlap completely 
in fossa, or completely buccal or 
lingual of opposing tooth. 
4. Crowding with radiograph 
documenting current bony impaction 
of one or more teeth 6-11, 22-27 that 
requires either serial extractions or 
surgical exposure and guidance for 
the impacted tooth to erupt into the 
arch. 
Required report 
List upper 
and lower 
tooth 
numbers T 
List upper 
and lower 
tooth 
numbers T 
List upper 
and lower 
tooth 
numbers T 
List tooth 
numbers T 
Required 
document 
ation 
Photograph 
documenting the 
crossbite T yes or 
no T 
Photographs 
documenting the 
crossbites T yes 
orno T 
Photographs 
documenting the 
crossbites T yes 
orno T 
Radiograph 
documenting the 
impaction T yes 
orno T 
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5. Crowding with radiograph documenting 
resorption of 25% of the root of an 
adjacent permanent tooth. 
MA: 
MassHealth Ortho Par Index form 
Qualifying score of 24 for approval 
Par C-0mponentii Before Treatment 
numbers• 
Total 
documenting 
the impaction 
• yes or no 
• 
Upper Anterior Segment R (3 -2)_ (2-1)_ (1-1)_ uw w 
L 
Lower Anterior Segment R 
L 
Right Buccal Occlusion AP 
Transverse 
Vertical 
Left Buccal Occlusion AP 
Transverse 
(1-2)_ (2-3)_ _xl 
(3-2)_ (2-1) _ (1-1)_ 
(1-2)_ (2-3) _ _xl 
_x 1 
Vertical ___ _xl 
Overjet / Anterior 
Crossbite __ _x6 
Overbite /Openbite ___ _x2 
Centerline __ _x4 
Totals 
Aesthetic Component (Grade 1-10): ____ _ 
Dental Health Component (Grade 1-5): _____ _ 
• Missing teeth 
• Overjet 
• Crossbites 
• Displacement of contact points 
• Overbites 
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Nebraska (HLD-Cal except automatic eligibility conditions are different): 
PROCIDORI: 
• I - 6 - If one of thae conditions exist, indae 111 "X- and st.are no further. 
I. Deep impingiag ovmrite. 
2. CrOllllbitc ofthree or more permanent ,nd/or •iduous postmor 1a:dl or 
llllaior croesbite of ooe to two teedl. 
3. Congenital birth dofec:t that affects skeletal reladonship and'or dentition. 
4. hnpacted cmpids widl moat of the pcnnanent dentition praeat. 
5. Ovajct groatcr ti.n 9 mm or 111taior croabitc 
6. MaJocclusioo with open bite fiom canine to canine. 
PROCIDlU: 
Cmq,h,te 7 through U if cue mJJQI qualify in I -6 above. The total 9CCl'e will ddamine if die cue qualifies for 
Ol1bodonlk treatmcd. Completion illlltndions non the ha of the fonn. 
• Position the patient~s teeth in centric occlmioa . .Reconl masuremants inthe order giwn and round to the DelnlSt 
millimeter (DUD). 
• Enter ScCR T if condkioo is ablcot. 
• Noa: Wbm completing 111 cl #12, if both anterior crowcliaa a d ectopie ruption ~ pramt in the antaior portico 
of the moudl, -,on: only thp IIIOlt se,,ere condition. Donot san bolh cooditions. 
NJ: (HLD-NJ mod)= HLD-Cal except has additional automatic eligible condition: 
craniofacial anomaly 
Automatic eligible condition: craniofacial anomaly Yes No 
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HLD-Cal (=WA}/ HLD-Marlyand: 
HLDSCOIY: 
HLDJMD HLD/CatMod 
Cleft palate( 15) Cleft palate defonnity 
: Seo,., no fwtl,er if p,eunt : Score"° fartlwr if pnsenl 
Deep impinging overbile 
: Scare no fllrther if prnen1 
X-bite of individual ant. teeth 
.' Sco,w NO fwth,r if pn#nl 
Severe anwmaaic deviation.,( I S) Severe trawnatic deviation 
: Score no /t,,flter ;.f pre~"' : &"Ore no lwtJtu If l>'Uffll 
o\'Crjct greater than 9mmlrcvcne 
overjct greater than 3.Smm 
: .~ no furt• i/prae711 
Overjet Overjet 
(sutlnd 2 li'om measorcmeru in mm) (m~tinmm) 
Overbite Overbite 
(Subnd 3 tom measurmaeru in mm} (me8!Wrftltffll in mm) 
Mandibu1ar protrusion Mandibular protrusion 
(meuwanent in mm x 5) (meuunm«1t in mm x 5) 
Open bite Open bite 
(mCQIJ'allCnt in mm x 4) Cmeasurancn1 in mm x 4) 
Ectopic eruption Ectopic eruption 
(Nwnbc::r cl la:tb x l: If nkrior crowdin1 is (Nmnber of 1eedl x 3: Jf 111teri« crowding is 
also present, score only die mOlll seyere also present. score only the mm1 5eflre 
condition. Do not 1CGrC bod, canctiriofls) condition, Do not 100re bolh conditions) 
Anterior CJ'()wding: Mx• ,Mn• Ant. crowding:Mx- , Mn-
(5 point for ~ arch wben crowding ax.ceecls (s point tcr eac11 ardl when crowdins acieeds 
3.Smm: If ec:tapic condic.ioa is alto present. 3.5mm: If ectopic candition is also prc!tnt, 
score only lhe most sewre condition. Do oot 9CIOJe onJy the mOlt severe COftdition. Do not 
score bolh conditions) 100re boch emditions) 
Labiolingual spread Labiolingual spread 
(Mcuuranmt in mm or the diSIIMe 1rorn lhe (MeaAINlntftl in mm of the distmcc &um the 
mOIC protn,ded to lhc lingually ddplaced .. o&t pr-ouuded to tho linplb dispaaeed 
anterior teeth. If theft is anly a protn,ded or anterior teedl. If there is only a procn.ded or 
linsuall), dilplacod tooeh, meuuremenc is lingually diaplaced tooth, mCIMUl'alWllt is 
tak• i-cm die inasor ec1gc of that eioatt. to lh~ taken &om tile mc:isor edaeofchattootb tolhe 
normal ardl line) normal~ line) 
Posterior unilateral x-bite 
(,IIOOl'e 4 'MW:11 Orteenl) 
Total score 
MISSOURI: (=HLD-Cal except last category can be uni- or bilateral post crossbite) 
13. Posterior crossbite (must involve one or more teeth, one of which must be a molar) 
Score 4 
-------
Nevada: (=HLD-Cal) 
If the recipient has a posterior unilateral crossbite; involving two or more adjacent eeth, one of 
which is a molar, enter/score a 4" for this item. 
NM: does not have OJ >9mm or-3.5mm. Also has medical necessity & speech 
pathology 
Impacted permanent canine and incisor (pre-qualifying condition) Yes No 
Maine: (=HLD-Cal plus additional conditions & emotional distress) 
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If a member does not score an HLD Index of 26 or above , are there other conditions such as Impacted 
canines (include panoramic film), occlusal interferences , functional jaw limitations, facial asymmetry, 
speech Impairment, or other physical deviations? If yes , please describe and include any supporting 
documentation. 
Are there any indications of potential impairment of mood and/or conduct that may result from 
emotional distress related to the malocclusion? If yes, please describe and include any supporting 
documentation. 
Oklahoma (HLD-OK mod)= HLD Cal plus additional 
- ·· - r --- · - - -·--- -··-- - - - · ----- ---- ·- -c · · · · · · ···· · ·· - · ···· · ·· - · ··· · · ·· · ·· · ·· · ·· · · · · · · · ·· - ·· · -···· --
11. Anterior spacing in mm (The score for this category ~hould be the total , in millimeters , of the 
. .i\nterior spaces.) . ......... .. ... .. .. ....... . ........ . ................ ............. .. . .. .... ..... ..... .... .. . .. .. .. 
12. Po~terior unilateral or bilateral crossbite (mmt involve two or more adjacent teeth, one of which 
Must be a molar) ... ... ....... .. ....... .. .. ..... .... ..... .. .... . ........................................ Score 4 
13. Funct ional shift of mandible as a result of item 12 . ................. .. ............................ Score 4 
14. Midline s (If off, in millime ters) ........ .... . ...................... ......... . ........ ....... .......... . .. .. . ... . 
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CT: (Original Salzmann} 
IA=PA=TN=UT=VA (plus VA screening form}=WI: Original Salzmann 
Plll.MNARY HANDICA"M MALOCCWSl0til ASSfstMINI I COID 
EAIII.Y At«) PERIODIC SCltEIMt«. DIAQNQIIS AND TREA1Mllft (IPS01) PllOOIAM 
(Pat Ill: Seclons ·e·. ·F· CJ1d ·G· are con1)1eted by 1he orthodon11st. 
Pleale mallc Ile affacied tooth numben.) 
....... 
--SCORE TEETH PON 
AFFECTED ONLY ~ CAO'M:llO ROlAJEO OPEN CLOE> NO. VALU£ SCOR£ 
MAXILLA Ant 1 It ID 71 f 10 7 I t 10 t 1f•l•l10/ 1I910 X2 
Post UUl1 UUII UUl1 UHtl JUUi XI 12 13 •• 12 1.1 ... 12 13 14 12 13 IA 12 13 ... 
I MNOIBI.E Ant 26212'23 262120.1 2621120.S 26212A21 21212.UJ x, 
Post 30292127 31)29.21 30 2' 2127 3029 2127 M292127 XI 22212019 22212019 22212119 22212019 22211019 
Ml • C:We40I' teeth (4 lndsoo ). Post "' PoSl8f1or teeth ~ucing conln8. Pf8rnaotl. ood h rrdol'). No. • runbef of tee1h TOTAL SCORE 
ottec1ed. 
f . lNIER•AICH DEVIATION 1. Antertor S.amant 
OVlR.E c::Maflo,w( 4 PTS) ~E OflB'8TI NO. POINr SCORE VAi.~ 
S,COQ£ MAlOWiRV TEETH 1 I 9 ID AfffCTR>CN.Y E>CaPI' 
~~• .10 7 It IQ 7HIO X2 ovmeirt· •212.ns 
•Scae madlary ot mondlbua lnc:hols. No. • rurt>et ot teeth off9cted. TOTAL.SCORE 
2. ,-.ltor- . 
RELATE MNOBUW TO seem AffECUD MAXlll.AAV NO. PON SCOQE MAXl1.AAY TEETH TEETHONl.V VAllJ: SCORETEElH 
AFFECTED ONLV DISTAL MESIAl. CROSSIITE OPENBITE 
~ LEfT RIGHT lHl RGHT lffT RGHT L£fT 
ca,tne XI 
l•Premda XI 
~PremolOr Xl 
l•Mokw Xl 
TOTAL SCORE 
G. OlHER DEVIATIONS (UM Oddlllonal hNt f neceuary) 
~ DTOTAl 
-
If the total score Is less than twenty-four ('24) points the Department lholl coNldef odd'tlonol lnfonna11on ol a subston o1 
notLWe about 1he preaence ot other severe devkJtton& affec11ng the mouth and undef1Vr'g atruciures. other devtottons 
shdl be conskiered severe If, lett untreated; they would cause lrrevenltlle damage 101he tee1h and underlying structures. 
Is there presence of other severe deviations affectng the mouth and under1ylng structures? (If any, cooment 
below). av, a N 
Is there ew:tence that the patient was seen by a Ncensed mental health professlonal for Issues related to the 
condition of their teeth? (If ooy, comment below). □ v / a N 
Add 8 points when intra-and intra -arch maxillary incisors score if 6 or more to denote esthetic handicap ............ ....................... ........ ... ...... ___ _ 
Grand Total 
C. Dentofacia l Deviations 
The following deviations are scored as handicapping when associated with malocc lusion : Score 8 points for each deviation . 
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EXAII YEAR 
ABO IDI 
ABO DISCREPANCY INDEX Y•aion 2010-2011 
CASEI 
TOTAL D.I. SCORE 
QYEBJEJ 
0 - 0,9 mm . (e dg e-to - edge) 1 pt 
1 - J mm, 0 pts . 
3.1 - 5 mm. 2 pt s . 
5.1 - 7 mm. 3 pt s . 
7,1- 9 mm . 4 pt s. 
> 9 mm, 5 pts. 
Nega,tive Overje t (x -bi te) : 
1 pt. pe r mm. per too t h = _____pts. 
Total D 
OVERBIT E 
0 - 3 mm . 0 pts . 
3.1 - 5 mm, 2 pt s . 
5.1- 7 mm . 3 pt s . 
1 mpinging ( 100 ~) 5 pts . 
Total D 
ANTERIOR OPEN BITE 
0 mm. (eclOHD-eclfa) , 1 pL par tDoth =__p ts. 
th e n 1 pt par addltlOftal ftall =___p ts. 
mm. ,- IIOoth 
D Tota l 
LATERAL OPEN B.ITE 
2 pts . per mm, per tooth 
D Total 
CROWDING (only one a rch) 
0 - 1 mm. 
1.1 - 3 mm . 
3,1 - 5 mm , 
5,1-7 mm . 
> 7 mm. 
OCCLUSION 
Class I to end on 
End-to-End Class II or m 
Fu ll Class II or III 
Beyond Class II or III 
= 0 pts . 
= 1 pts . 
= 2 pts . 
= 4 pts. 
= 7 pt s . 
Total D 
= 0 pts .. 
= 2 pts. per aide __SJ ts . 
= 4 pts. ,- side __SJts . 
= 1 pt . per mm __pts . 
addllonlJ 
Total CJ 
Examiners wul ven"fy measuremen ts in e,ach 
parameter . 
LINGUAL PQSJEBIQB X- RITE 
1 pt. pe r too t h Tota l 
RUCCAL POSTERIOR X-RIJE 
2 pt s. pe r tooth Total 
CEPHALOMETRICS (See In struction s) 
D 
D 
ANB~6° or ~ -2° 0 4 pts,= _ 
Eac:h deg re e > 6° _ x 1 pt . 
Each deg re e < -2° _ x 1 pt . = _ 
SN- MP 
~ 38° 
Each deg re e > 38° 
~26 ° 
Eac:h deg re e < 26 ° 
1 to MP ?: 99° 
Each deg re e > 99° 
OT HER (See Instructi ons) 
,02 pts,=_ 
_ x 2pts , =_ 
0 1 pt, 
_ x1 pt . 
0 1 pt . 
_ xl pt . 
Total D 
Sup ernume rary teeth _ x 1 pt = _ 
Anlcylosis of perm . Teeth _x 2 pts . = _ 
Anomalo us morphology _ x 2 pts . = _ 
Impa ctio n (exc,apt 3rd ,molars) _ x 2 pts . = _ 
Midline discr epancy (> 3 mm ) 0 2 pts .= _ 
Missing teeth (exeapt 3rd molln ) _ x 1 pt = _ 
Missing teeth, conge nita l _ x 2 pts . = _ 
Spac ing {4 or men, par atdl) _ x 2 pts . = _ 
Spaci ng(mx cent dlNlleme > 2 mm) 0 2 pts . = _ 
Too th Tran spo sitio n _ x 2 pts . = _ 
Skeleta l asy mm etry (nonaq lcll tx) 0 J pts .= _ 
Add i. tr ea tm ent compl exitie s _x 2 pts . = _ 
Identify: I I 
To~IOther D 
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IDAHO: (modified TPI) 
II 
-:: , 1 , · '.• ' · 
Idaho Smiles Malocclusi ,on ,Index 
Automatic QuaUfler(al: IMe•urement/ Points Score 
Cleft Palate At.to matic Atl>roval 
Owrbh: 
Lower Incisors: striki ng I.-.gual of uwers at inciSail 113 =0 
Slruig lingua l d t.lJpers at middle 1/3 = 1 
Sttiung lingua l d Uloers at gin~a l 113 =2 
Ooenble: {milimeters) •a. b 
less than. - ... 2 mm=0 
2-4mm=1 
4+mm=2 
Ow irJat {nilimeters) •a 
Upper:._ .. -.. 2-4 mm=0 
Measure honzoru ly pa-a la l to ocdus.al plane 5- 9mm= 1 
9+ mm= 2 
lower .. ... .. 0-1mn=0 
2 mm =1 
3+rnn=2 
Posterior X-Bltll : (tealh) 'b 
Nurmer of Teeti in x ..,Bite 0-2=0 
3=1 
4=2 
Tooth Dilplacemant: (teeth) ·•c, d, e 
Nurmer of tealh rcA.ated 45 deg tees or oapaoed 2 mm 0-2=0 
from nomia l pmitiOn in •dl. 3-6=1 
7+=2 
Buccal Semntant RelatiOMhin : 
One side <bta l a mesial ¼ cusp =0 
Botti sides dist.al or masia l a one side hJI eusp = 1 
8otli sides ful aJSD osta l a masial =2 
Total Score 
'Sco ring DefinitiOns: 
a) Imped ed or bkx::ked cuspids ate sooted 1 q:,«1tite .wid 1 C:MHjet for 2 teelh. .$ocn, 2 fa q:,entita 
and 2 br Overjet for 4 bloc:ked cuspids . 
b) Cross bites ate sc::aed for the tealh in aos.s ti ta. not the tee th in lie OA)osing •ct1. 
c) Ms.sing taeli court as 1, if the &paoe is stil l pesert 
d) Do nd socre tee th that ate not fuly erqJted. 
e) DisplaOed tealh are based on where they are in their respective •ch line , nd their relationship "Mli 
the oppc,ui g •di. 
071127 ll _ORM A-2 
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Georgia (Special form): 
only approved medically necessary Yes No 
orthodontics 
1. overjet > 10mm Yes No 
2. underjet (ant x-bite) > 3.5mm Yes No 
3. deep bite with tissue trauma Yes No 
4. Cleft Palate Yes No 
5. anterior open bite - molar Yes No 
occlusion only 
6. thumb sucking Yes No 
7. tongue thrust Yes No 
8. impacted canine with cystic Yes No formation or root resorption 
K t k en uc :v: 
Yes 
I. Transitional or full permanent dentition unless for treatment of a cleft 
palate or severe facial anomaly 
II. disabling malocclusion if any of following: 
1. deep impinging overbite that shows palatal impingement of the 
majority of the lower incisors 
2. true anterior open bite that does NOT include: 
• One (1) or two (2) teeth slightly out of occlusion; or 
• Where the incisors have not fully erupted 
3. significant AP discrepancy (at least one (1) full tooth Class II or 111, 
dental or skeletal) 
4. anterior crossbite that involves: 
1. More than two (2) teeth in crossbite; 
2. Obvious gingival stripping; or 
3. Recession related to the crossbite 
5. handicapping posterior transverse discrepancies which: 
1. May include several teeth, one (1) of which shall be a molar; and 
2. Is handicapping in a function fashion as follows: 
a. Functional shift; 
b. Facial asymmetry; 
c. Complete buccal or lingual crossbite; or 
d. Speech concern 
6. significant posterior open bite that does NOT involve: 
• Partially erupted teeth; or 
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7. Except for third molars, has impacted teeth that will not erupt into 
the arches without orthodontic or sur ical intervention 
8. extreme OJ in excess of 8 to 9mm and ( 1) of skeletal conditions 
s ecified in ara ra hs 1 throu h 7 of this subsection 
9. trauma or injury resulting in severe misalignment of the teeth or 
alveolar structures, and does NOT include simple loss of teeth with 
no other affects 
10. Has a congenital or developmental disorder giving rise to a 
handica in malocclusion 
11. significant facial discrepancy requiring a combined orthodontic and 
ortho nathic sur e treatment 
12. developmental anodontia in which several congenitally missing teeth 
result in a handica in malocclusion or arch deformation 
MINNESOTA: 
At least one of the following criteria must be met: 
• disfigurement of the patient's facial appearance including protrusion of 
upper or lower jaws or teeth 
• spacing between adjacent teeth which interferes with the biting 
function 
• overbite to the extent that the lower anterior teeth impinge on the roof 
of the mouth when the person bites 
• Positioning of jaws or teeth impairs chewing or biting function 
• Based on a comparable assessment of the above criteria, there is an 
overall orthodontic problem that interferes with the biting function 
MISSISSIPPI (MS}- special form: 
PART II - ORTHODONTIC TREATMENT NEED CRITERIA 
Check llem(s) lhat appty. See the Medicaid Provider Policy Manual Section 11 for Fur1her Details. 
0 Cleft Ip, deft palate and other creniofadal anomalies 
0 Ow!rjel of 9 mllimeters or more 
D Reverse overjet of 2 mlllmeters or more 
Check if 
yes 
D Extensive hypodontia with restorative impications (more than one tooth per quadrant) raqliring pre-prosthetic Of1hodontlcs 
D Anterior openbiles grealer than 4 milimeters 
0 Upper anterior conlact point displacements greater than 4 milllmeters 
D lndiYidual anrertor tooth crossbites with greater than a 2 millimeter discrepancy between retruded contact posiion and 
imetcuspal position 
D lrnplnglng overbite with evidence of gingival o, palatal trauma 
D Impeded ruplon of leeth (except third molaq) due to crowding, disp4acement, presence of supernumerery teeth, retained. 
primaly teeth, and any pathologic cause; unless extraction of the disptaced teeth or adjacent teeth, requiring no orthodontic 
treatment woud be more expedltn_ 
126 
NH (special form}: 
REQUEST FOR PRIOR AUTHORIZATION/COMPREHENSIVE 2009 
1. Comprehensive orthodontic treatment shall be covered for recipients under 21 
years of age: 
A. with a cleft palate and associated severe handicapping malocclussions in 
accordance with He-W 566.05. 
Cleft palate present: Yes No 
B. have no remaining deciduous teeth, unless the permanent tooth in that is 
congenitally missing or impacted: 
Deciduous teeth present: Yes No 
C. have one half of clinical crown visible of all permanent teeth, except for 
third molars and teeth that are congenitally missing or impacted: 
One half clinical crown visible: Yes No 
D. The factual basis necessary for approval: demonstrates severe 
handicapping malocclusion due to one or more of the following conditions: 
a) Crowding of teeth greater than 8mm in a single arch; 
Meets listing: Yes No 
b) Deep impinging overbite when lower incisors are destroying the soft 
tissue of the palate; 
Meets listing: Yes No 
c) Cross bite of individual anterior teeth when destruction of soft tissue 
is present; 
Meets listing: Yes No 
d) Overjet greater than 9mm with incompetent lips; 
Meets listing: Yes No 
e) Reverse overjet greater than 3.5mm with reported masticatory and 
speech disability; or 
Meets listing: Yes No 
f) Severe traumatic deviations demonstrated by gross pathology. 
Meets listing: Yes No 
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NH REQUEST FOR PRIOR AUTHORIZA TION/INTERCEPTIVE 2009 
ORTHODONTIC WORKSHEET 
lnterceptive orthodontic treatment shall be covered for recipients less than 21 
years of age with primary or transitional dentition and the presence of at least 
one of the following: 
1) Constricted palate; 
Meets Listing: Yes No 
2) Deep impinging overbite; 
Meets Listing: Yes No 
3) Anterior crossbite; 
Meets Listing: Yes No 
4) Posterior trauma tic crossbite; or 
Meets Listing: Yes No 
5) Dentition exhibiting results of harmful habits. 
Meets Listing: Yes No 
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New York (Special form): 
Anesllnlmt: 
Please check which of the following e/lglble conditions apply: 
The child exhibits a severe phvsically handicapping malocclus,ion which 
affect oral health, function and esthettcs, as defined below: 
□ overjet of 6 mm. or more; 
□ overbite of 10 mm. or more and/or lower arterlors contact palatal 
tissue; 
□ open bite of 5 mm. or more; 
□ centric occlusion where It is difficult to replicate centric and/or where 
there is pseudo-crossblte (mandibular functional shift); 
□ severe aowdlng of maxillary anteriors; 
□ anterior aossblte due to prognathism; or 
□ blocked out maxtllary cusr,lds that threaten the integrity of the anterior 
section of the arches; 
□ deft: Hp and/or palate; 
□ severe dysplasla; 
□ deviations resulttng from disease or trauma to either Jaw; 
□ other qualtfylng congenital anoma'lles: 
□ mandibular miaognathta; 
c maxillary prognathJsm; 
□ extreme madibular prognathism: 
□ ankylosis; 
□ other severe dental conditions resulting In speech defect. 
Other - Soedfy: 
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NC: 
The probability for approval is increased when two or more of the following criteria 
exist: 
Criteria 
a. Severe skeletal condition (recipient's age and the direction of Yes No 
growth are also considered). 
b. Occlusion (severe anterior/posterior, transverse, and vertical Yes No 
discrepancies, crossbites with functional shifts). 
c. Crowding must be moderate to severe and functionally Yes No 
intolerable over a long period of time (such as occlusal 
disharmony and/or gingival stripping secondary to severe 
crowding). 
d. Overbite must be deep, complete, and traumatic. Yes No 
e. Overjet (excessive protrusion 6+ mm). Yes No 
f. Openbite (excessive 4 to 5mm). Yes No 
g. Psychological and emotional factors (for example, psychosocial Yes No 
inhibition to the normal pursuits of life). 
h. Potential that all problems will worsen. Yes No 
ND lnterceptive: 
This referral of evaluation for lnterceptive orthodontic treatment is based on: (check all that apply) 
D 1. Anterior Crossbile D 2. Posterior Crossbite D 3. Ectopic Incisors 
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Ohio (Special form}: 
Check the symptoms and signs of physical conditions that you observe in this patient. 
Dentofacial Abnormality 
D Marked protruding upper jaw and teeth 
D Underdeveloped lower jaw and teeth, receding chin 
D Excessively spaced front teeth 
D Upper or lower teeth protruding so much that lips cannot be brought together without strain 
D Marked protruding lower jaw and teeth 
D Extremely "crooked" front teeth 
D Marked asymmetry of lower face or transverse deficiencies 
D Clefts of lip or face 
D Abnormalities of dental development 
D Other ( explain on other side of page) 
Tissue Damage Related to Malocclusion 
D Marked recession of the gums 
D Loosened permanent teeth 
D Other (explain on other side of page) 
Mastication Related to Malocclusion 
D Extreme grimacing or excessive motions of the oral-facial muscles during swallowing 
D Socially unacceptable behavior during eating because of necessary compensation for anatomic 
facial deviations 
D Pain in jaw joints when eating 
D Other ( explain on other side of page) 
Respiration and Speech Related to Malocclusion 
D Postural abnormalities with breathing difficulties 
D Malocclusion of jaws related to chronic mouth breathing 
D Lisping or other speech articulation errors in children 9 years old or younger 
D History of, or recommendation for speech therapy 
D Other ( explain on other side of page) 
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RI {HLD-RI}: 
PART A. PROCEDURE: 
Note: 1 -6 - If amy 009 of these condtioos exists, 'ndicam an "'"Xw and score oo further. 
1. Degp iq>i nging owrbite when k>wer ·nasors are destroying th9 soft tissue of the pa'late. 
2. Crossbm of three or more pennal'!l90tand/or deOOJOus posterior teeth or anteliior crossbie of 
009 to• two• 'ndMdual teeth when destruction of soft ussue · resent. 
3. Congerwtat. irth desct (e,g. deft pa1ate) or <teviatioos that affect skeleta1 re1atiooship aoo·ordentition .. ____ _ 
4. lq,,actedl pennanent teeth with most of the permanent dentition pres.ant (excluding third molars). _____ _ 
5. Overjet greater than 6 mm wit ·ncompemnt !lips or rwerse overjet. 
6. Ma1ooc'lusioo with open bill from ca ·1'19 to ca ill9. 
pARJ S PBQCEPYBE· 
Comp'lete 7. - 10.i f case does not quaify ·n 1 - 6 above. The total SOOf'8 in Part B. will demnn ·1'19 if the case qualifies for 
orthodontic treatment. A score of 20, or more <J.JlifieS for authorization. Comp'letion ·nstructions are attached. 
• Position the paoont's teeth tn centric occlusioo. Reoord measurerf"l9nts in the order given amd ro ndl to the f"l9areS1i 
m·llimeter (mm). 
• Enter Score ·o· if coodltion is absent. 
• Nom: If both anteriorcrow<fng and ectq:Meeruption are present 1in the anterior portion o.fthe mouth, score on'ly the most 
severe oondition. Do not soore both coo<fitions. 
CONDTIONS HLD SCORE 
7. Overjet ·n mm. (1 - 5 mm) 
8. Overbite Iin mm. 
9·. Ectopiceruptioo, other than anterior teeth. Count each tooth exctudng 3rd mo'lar(s) (SoorD= # of teethx 3) List teeth: ___________________ _ 
10. AntenorcrOM:ling: Score 009 point for MAXIUA. ana'orone po'nt for MANDIBLE: (Two point maximum for arnterior cro-wdng) (Soore x 5 = ______ _ 
(PART B.) TOTAL SCORE 
Revilwing Consultant _____________ _ 
.eABI.ll. 
7. Olerjet ·n MiD ·meters: Th· reoorded with the p-ati9nt's teeth in mntric occlusion and measured from the labial 
portion of the lower 'ncisors to the tabial of the upper incisors. The measurement~ apply to•a protruding sings tooth 
as weift as to the who'le arch. ( En mr the number of rnil: ·mes rs as the HLD soo re). 
8. 0/erbite in Millimeters: A pencil mark on the tooth jmcficating the extent of overllap facilitates this measurement. 
"'Aeverseflo,verbte may exist ·n oertain oonditioBS and shou1d b9 measured and recorded. (Enter the number of 
millimeters as the HLD score). 
9. Ectopic E~oo: Count each tooth. Teeth d9emed ectopic must b9 tjod(Qd out of and clearjy out of alignment in 
denta1 arch. Mutualty bto<::ked »et h are oo nsd ooe time and th 'rd molars are excluded. If oondilion #10, anterior 
crowding is also, present with an ectq>ic ert4>tion ·n the a!lterior portion of the mouth, score on'ly the most severe 
oondtion. DO NOT SCORE BOTH CONDITIONS. Enter the number of teeth on the soore-sheet and mmtply ~ three (3). 
Enter the mul1')1ied total as the HILD SOOf'8. 
to. AnteriorCr<71Yding: Arch length iBSUfficiency rnust exceed 3.5 mm. Mild rotations that~ read fa1orab1ly to, st~ ing 
or rnild expansion prooerures. are not to b9 scored as crowded. If condition #9, ectopicef\4)tion •s a1so present ·n the 
anmrior portion of the mouth. score the most severe condition. DO NOT SCORE BOTH CONDITIONS. Enter a score of 
one 1if crc:w<fng is present in the mailary arch and a sawe of one tf crOMfng is present in the mandbutar arch. There ,is 
a two-point max ·mu m for anterior crowd Ag. Muttiply t is score by file (5). Ensrthe mu~ lied tota:1 as the HLD score 
July 2008 300-46-32 
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South Carolina (special form): -=ND except In ND impacted teeth not necessarily 
documented radiographically, weighting is different, cleft lip/palate is automatic eligibility 
1. Overjet in millimeters .... (Class lls only / positive numbers only) .... ...... . ...... ... ... ... ... .. mm X 3 = 
Measured from facial lower incisor to facial upper incisor 
2. Overbite in millimeters ... (Positive numbers only) .. .............. ... ..... ....... .... ... ..... ... . mm X 2 = 
Measured from incisal edge upper to incisal edge lower 
3. Reverse or Negative Overjet in millimeters ... (Class Ills only) ....... .. Number ____ mm x 5 = 
Measured from facial upper incisor to facial lower incisor 
4 . Anterior open bite in millimeters .......... ....................... ...... Number ______ mm x 4 = 
Measured from incisal edge to incisal edge 
5. Number of Radiographically documented Impacted Teeth ..... ... . Number of teeth ____ x 5 = 
•3rd Molars , crowded, and blocked out teeth do not count * 
6a. Moderate crowding (<6 millimeters) 2 points per arch ... ....... Number of Arches ____ x 2 = 
6b. Severe crowding (>6 millimeters) 4 points per arch .... . ...... Number of Arches ____ x 4 = 
7a. Number of teeth (count upper permanent only) in anterior crossbite .... .... .. .. . ... . 
7b. Number of teeth (count upper permanent only) in posterior crossbite . 
8. Habits affecting arch development (Please specify __________ ~ · .... .... 2 points 
Other Comments: 
The Division of CSHCN sets •35 points as the minimum necessary 
to be cons idered for orthodontic treatment by the program . 
* TOTAL ___ _ 
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South Dakota {Modified Salzmann): 
Skeletal Discrepancies ANB Measurement MuJtiplier Score 
Posiwe - A.NIB x1 
lO to, 20) 
Neg a ive - AN B x1 
(-1 to -10) 
Anterior Type of Deviation 
Seament Mi ssing, Cr,owded Rotated Opened Closed Mult ipl ier Score 
Mada x1 
Mandib!e x1 
T of De¥iation Anterior 
Bite Overjet Overbite Crossbi te Openbi te Multi pl ier Score 
R tionsh ip 
Posterior 
Segment Distal MMial 
Right l eft Right Left 
C ine 
• pre olar 
z.'-d 
Prem ar 
1•M olar 
Oentofacia l Deviations 
Facial and Oral Clefts 
Func tional Jaw Limitations 
Speech Impairmen t 
Score Skeletal Anterior 
Summary Disuepancie,s Segment 
Handicapping 
Malocclusion? 
YES NO 
x1 
Type of Deviation 
Crossbite Openbite Mult i- Score 
Riight Left Right le ft plier 
x1 
x1 
x1 
x1 
Score Score 8 Points for Each 
·Deviation 
Anterior Posterior Oento- fo tal 
Bite Segment facial 
Deviations 
Examiner's Si nature 
'Salzmann Index, as modife.d by e South Dakota Depar1ment of Social Services. Division o Medical 
Sefvices. for use in assessf Me<fcaid eligibility for Oftbodomtic services_ 
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VT {special form}: 
R0~.01109 
~ .VERMONT 
Office ofVennont Health Acce\s 
312 Hurrica~ Lane , Suite 201 
WilliMon, VT 0549S-2086 
Ag,mcy of Human Services 
Comprthtusive Orthodonttr Trtatment Prior Authorization Requtst Form 
(Effective 0&/01/0j) 
(Please Print or Type) 
2. Diagnosis: 
Dentition : D Primary D Transitional D Adolescent D Adult 
Angle Class: □ I □ II O III 
Overbite : _mm Ove1jet: _mm Crowding : mm 
3. Diagnostic Treatment C1ite1ia (please check all that apply-do NOT check if criteria not met) : 
*:\laior Crite1ia: *:Minor uite1ia: 
D Cleft palate D I Impacted cuspid 
D 2 Impacted Cuspids 
D Severe Crauio-Facial Syndrome 
(Treacher-Collins Syudrome 
Ma1fan Syndrome . Pierre Robiu 
D 2 Blocked cuspids , per arch (deficient by at least 1/3 of needed space) 
D 3 Congenitally 1uissi11g teeth per arch (excluding third molars) 
D Open bite 4+teeth, per arch 
D Crowding , per arch (lO+mm) 
Syndrome , etc . Specify : ___ _ D Anterior crossbite (3+teeth) 
D Posterior crossbite (3+teeth) 
D Traumatic deep bite impinging 011 palate 
D Overjet 8+nuu (measured from labial to labial) 
*Eligibility for comprehensi\ e orthodontic treatment requires that the malocclusion be se\ ere enough to meet a 
minimum of 1 major or 2 minor diagnostic treatment criteria . 
4. other Functtonal Jmpah-ment: 
If the patient does not n1eet the above criteria , but has a functional i11.1painnent that is equal to or g1·eater than the 
severity of a ft.mctional impainnent 1·esulting from 1neeting those criteria , please briefly desc1ibe below and attach 
detailed w1itten documentation from yo1.11· office : ________________________ _ 
5. S1>edal l°\'ledkal Consldet·atton: (Written doctuuentation from. a m.edical provider or outside specialist 
is required if you complete this section) 
Medical Condition Requiring Special Consideration: ______________________ _ 
6. P1·opost-d T1·t-atmt-nt: Comp1·ehensive Orthodontic Treatment (check one): D D8070 D D8080 D D8090 
Please check appropriate option : 0 Single A1·ch : 
D Botl1 Arches 
D Upper 01· D Lower 
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VA: (Sreening form plus original Salzman) 
ABBREVIATIONS CRITERIA for Permanent Dentition YES NO 
DO Deep impinging overbite that shows palatal impingement causing ·ssue tra00l8 with the majority of 
lower incisors. 
AO True anterior openbite. (Not · eluding one or two teeth slightly out of occlusion or where the incisors 
have not fully erupted and not correctable by habit therapy). 
AP Demonstrates a large anterior -posterior discrepancy. (Class II and Class Ill malocclusions that are 
virtually a fu tooth Class II or Class Ill). 
AX Anterior crossbite. (Involves more than two teeth and in cases vdlere -gingival stripping from the 
ct'OMbite is demonstrated and not correctable by rmited ortho treatment) 
PX Posterior transverse discrepancies. (Involves several posterior teeth in crossbite one of which must 
be a molar and not correctable by r ited Oftho treatment). 
PO Significant posterior openbites. (Not · volving parti ly erupted teeth or one or two teeth slightly out of 
occlusion and not OOfTectable by habit therapy.). 
IMP Impacted · cisors or canines that wi I not erupt into the arches without Ofthodontic or surgical 
intervention. (Does not in ude cases where cisors or canines are going to erupt ectopically). 
CR Crowding of 7 - 8 mm in either the maxillary or mandibular arch. 
OJ Overjet in excess of 9 mm. 
COD Dentition exhibits a profol.lld impact from a congenital or developmental disorder. 
FAS Significant faci asymmetry requiring a combination orthodontic and orthognathic surgery for 
correction. 
Approved □ 
When all are answered "NO", please refer to the Salzmann □ 
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Indiana: 
Table 1.1 Diagnoses or Conditions Appropriate for Orthodont ic Services 
Cateao1-y I. The following diagnoses and/01· conditions a1·e appropriate for orthodontic sen1ces. 
Patients in Categ01y I and Catego1y II do not require additional information to be submitted for 
app,·oval of PA requests. 
Cleft Lip and Palate and Facial Clefts 
Oculoawi.culovatebrnl Dysplasia 
Mandibulofacial Dysostosis (Treacha · Collins Syndrome) 
Piem:Robin 
Cleidocrnnial Dysplasia 
Frontonasal Malf01mation 
Crot12011 SyndrOllle 
Ape1t Syndrome 
P£eiffer's Syndrome 
Ectodcrmal Dysplasia 
Hanifacial Microsomia 
Amniotic Band Syndrome 
Netu'Ofibromatosis of the Facial Regi011 
Holoprosencephaly 
Gorlin Syndrome 
(Contimed) 
Category I: The following diagnoses and/or conditions are appropriate for orthodontic senices . 
Beckwith-Wiedmann Syndrome 
Klippel Feil 
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Catetfon• II: The followin2 conditions, when accompanied by :moderate to senre malocclusions 
are appropriate i>r orthodontic senices. 
Fetal Alcohol S)-nchome 
Encephalocele 
Down Syndrome 
Werdnig-Hoffinan Disease 
Spina Bifida 
Developmental disturbances related to oncology radiation 
Cerebral Palsy 
Ac.hondroplasia 
Osteogenesis Imperlecta 
Arthrogryoposis of the Temporomandibular Joint (Congenital Contractures) 
Ankylosis of the Mandibular Condyles 
VA TER Association 
Hemimandibular Hypertrophy 
Condylar H;perplasia 
Condylar H):poplasia 
Arcofacial Dysostosis 
Rieger S}nchome 
Category m: For patients in Category Ill, Senre Atypic.al Craniofacial Skeletal Patte~ 
ac.companied b}· moderate to severe malocclusion, the followin1 listed documentation must be 
submitted for approval of prior authorization requests. 
Patients in this category will likely have a secondary diagnosis of a maxillary or mandibular skeletal 
problem, such as maxillary vertical hyperplasia , mandibular hypoplasia ~ maxillary excess , vertical 
maxillary deficiency , and so forth. 
Documentation is by special report, and must include.frontal and lateral photographs of the face and of 
the occlusion, a panoramic film, and a lateral cephalometrtcfilm ,with tracing). For Category,• III 
patients with ve,tical skeletal problems, as noted in guideline numbt1r 10 on tht1 ne..l:t page, the 
p1'actitione,-must enclose a posterioNmferio1' cepha/omeh1c film. 
The following is a list of guidelines for defining moderate to severe malocclusion as a 
medical problem for Categories II and Ill in Table 1.1: 
1. Cleft lip and palate and other craniofacial anomalies with a severe 
functional 
compromise of the occlusion 
2. Hypodontia or malalignment (1 tooth or more per quadrant) precluding 
routine restorative dentistry 
3. Overjet greater than 6 millimeters (mm) 
4. Reverse overjet (underbite) less than 1 mm 
5. Anterior or posterior crossbite with greater than 2 mm discrepancy 
6. Lateral or anterior openbite greater than 4 mm 
7. Severe overbite with gingival or palatal trauma 
8. Impaction or impeded eruption of teeth (other than third molars) 
9. Dysplasia of the vertical dimension of occlusion, LFH greater than 59% 
or less than 52% 
10. Facialskeletal vertical asymmetry greater than two SD from the norm 
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for menton-zygoma (left or right) or gonion- zygoma (left or right) 
Montana: 
□ Category A Criteria 
Orthodontic services needed as part of treatment for a medical condition with 
orthodontia 
implications including but not limited to the following conditions: 
• Chromosomal syndromes with intact neuro-developmental status* 
• Syndromes affecting bone 
• Syndromes of abnormal craniofacial contour 
• Syndromes with craniosynostosis 
• Proportionate short stature syndromes 
• Syndromes of teratogenic agents 
• Deformations and disruptions syndromes 
• Syndromes with contractures 
• Branchial arch and oral disorders 
• Overgrown syndromes, postnatal onset syndromes 
• Hamartoneoplastic syndromes 
• Syndromes affecting the central nervous system 
• Orofacial clefting syndromes 
• Syndromes with unusual dental acral findings 
• Syndromes affecting the skin and mucosa 
• Syndromes with unusual facies 
• Syndromes gingival/periodontal components 
• Malocclusion resulting from traumatic injury 
*Cromosomal syndromes with a neurological component that precludes 
optimal outcome must have prior approval by the Cleft/Craniofacial quality 
assurance panel prior to authorization of payment. 
□ Category B Criteria 
lnterceptive orthodontic services (Category B) will be funded for Medicaid eligible 
children only. Category B services are limited to Medicaid eligible children 12 
years of age or younger with one or more of the following condition(s): 
• Posterior crossbite with shift (bilateral) 
• Anterior crossbite 
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Appendix B. IRB approval letter 
Boston University Medical Center 
SCHOILll'IIDICIU * SCl[IILll'~DAD'H * GeI.atAJf SCIIIILll':mlNDL MDICO. * NSTIIUI .. CALCDl'D 
~ Boston University 
Medical Center 
Title of Study: 
Protocol Number: 
RE: 
Review Type: 
Action: 
Date of Action: 
Funding Source: 
Dear THAYER SCOTT, MPH: 
llakeallh~ 
........ 
S40HmisaDAH . Slm. 300 
Bo1tm.,Musvhudls 
0lll8-l.sl6 
TtJ: 611-638-1::1>1 
he : 611-638-1:234 
MEDICAID ELIGIBILITY FOR ORTHODONTIC COVERAGE, HOW 
VARIABLE IS IT AMONG THE STATES? 
H-30122 
New 
Exempt 
Exempt 
1/3/2011 
Not Funded 
This study was determined to be EXEMPT in accordance with: 
45 CFR 46.101(4) Research involving the collection or study of existing data [at the 
time of this application], documents, records, pathological specimens, or diagnostic 
specimens, if these sources are publicly available or if the information is recorded by 
the investigator in such a manner that subjects cannot be identified, directly or 
through identifiers linked to the subjects. 
The IRB office is no longer requiring annual reviews for studies that have been 
designated as EXEMPT . We understand that this research project is continuing. 
You can access any document related to this Exempt study via the INSPIR 
application at any time. 
Please note that the IRB determination that this research is EXEMPT is based on 
the research as you have presented it in the attached protocol. If ANY changes are 
made to this research project then the protocol must be resubmitted to the IRB for 
another review. To do this, you will create a new protocol, copy this protocol, make 
the necessary changes, and then resubmit it to the IRB for review. Additional 
instructions regarding this process will be posted on the IRB website 
(www.bumc .bu .edu/irb) under EXEMPT research. 
Investigators are required to ensure that all HIPAA requirements have been met 
prior to initiating this study. Once approved, validated HIPAA forms may be found 
within INSPIR as External Attachments. 
It is the responsibility of the Pl to ensure that all required institutional approvals 
have been obtained prior to initiating any research activities . 
Sincerely yours, 
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Appendix C. IRB research privacy application waiver of authorization 
Research Privacy Application 
Waiver of Authorization 
Principal Investigator: Scott, Thayer 
Email address: medchwc@bu.edu 
Phone number : 617-414-1121 
Research Staff needing access to protected health information: 
As approved by IRB in INSPIR Section A 
[Investigator to change if different from INSPIR Section A] 
MEISHA, DALIA 
• 
Study Title: MEDICAID ELIGIBILITY FOR ORTHODONTIC COVERAGE, HOW 
VARIABLE IS IT AMONG THE STATES? 
BUMC IRB # H-30122 
Number of records needed: ~ ~ 50 0<50 
The Boston University Medical Center Institutional Review Board (Federalwide 
Assurance Number 00000301) may waive or alter the requirement to obtain 
authorization from research subjects in ord~r to use or disclose their protected 
health information, provided that the investigator justifies, and the IRB agrees, 
that specific criteria have been met. Please explain how your research study 
meets the criteria by answering each of the following questions: 
1. In this study, how does the use or disclosure of protected health 
information involve no more than minimal risk to privacy of the 
subjects? 
No identifiable information and no complete dates will be collected in the data 
collection form . In the data collection form, each subject will be given a unique 
number; for example the first record reviewed will be given the number 001, 
the second 002, and so forth. This number is just a given number and has no 
link to the dental record number as there will be no master code that contains 
both subjects ID and dental record number. Medical record number will not be 
recorded in the data collection form (See section S: data collection form) 
Data obtained from all data sources (Cast study models, radiographs, intra-
oral pictures, and charts) for each subject will be collected in one setting. 
Therefore, there is no need to create links or master codes. 
There will be no list of denta1 records to start with, all what we know is the 
range of dental records numbers for the years we are reviewing and they are 
in serial sequence for example 09001-10123. In order to assure that a dental 
record will not be reviewed twice and since we will not record the dental 
record number of charts reviewed at any instance, 300 random digit numbers 
will be generated without replacement using SAS program for the range of 
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dental record numbers we are reviewing. To be in the safe side, 300 numbers 
will be generated for our 200 sample size to account for possible ineligible 
subjects due to incomplete or poor records. Once a certain record is reviewed 
from the randomization table that record number will be crossed out. 
2. What is your plan to protect identifiable health information from improper 
use and disclosure? 
All subjects will be given unique numbers. This number is just a given 
number; for example the first record reviewed will be given the number 001, 
the second 002, and so forth. Unique numbers will not be linked or matched 
to the dental record number. 
3. What is your plan to destroy the identifiers? Include how and when. 
No identifiers will be collected. 
4. Why is it not practical to obtain an authorization from subjects? 
Since the study is a retrospective dental record review of subjects who have 
already completed their orthodontic treatment; it is not practical to obtain 
written authorization for this study. 
5. Can the research be done without the protected health information? If not, 
why not? 
No protected health information will be collected in the data collection form. 
No complete dates (month/day/year) will be collected, only partial dates such 
as month/year. 
6. Please complete the following to describe selection criteria for records 
required (e.g.; all asthmatics seen in the Asthma Clinic), the dates of the 
records required (e.g.; clinic visits from July 1, 1998 through December 31 
2000), and data fields required for the research. 
a. Selection Criteria for records required 
No complete dates (month/day/year) will be collected, only partial dates 
such as month/year. 
(1) Availability of complete records including dental charts, pretreatment 
study casts, lateral cephalograms, and intraoral pictures. These records 
are taken as part of standard clinical care. 
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(2) Good quality records, i.e. high definition photographs, study models of 
good quality, cephalometric radiograph taken with the patient in the 
natural head position and in occlusion. 
b. Dates of required records: from 01/01/2007 through 12/01/2010 
No complete dates (month/day/year) will be collected, only partial dates 
such as month/year. 
c. Data fields required (list fields required from an electronic data 
base, or list fields to be recorded from the paper record by the 
researcher) 
Information recorded for research purposes are the following: 
availability of complete records (pre-treatment casts , cephalograms, 
cephalometric analysis, intra-oral photographs), availability of 
panoramic radiograph, full mouth x-rays, posterior-anterior 
cephalometric radiograph, age, gender, dentition stage (permanent, 
mixed, primary), angle classification of malocclusion, overjet in mm 
and %, overbite in mm and %, presence of medically qualifying 
condition, habits (thumb sucking, tongue thrust, nail biting, others) , 
treatment received (comprehensive, interceptive, limited, or minor to 
control harmful habits), pre-treatment scores of the following occlusal 
indices: PAR, HLD, Salzmann, modified TPI, DI, IOTN, and state 
criteria. 
d. Anticipated sources of information (check all that apply) 
[81 Paper medical records 
D Electronic files 
121 Other : dental casts, radiographs, intra-oral pictures 
By submitting this form with an INSPIR application, the Pl attests to the 
following: 
I declare that the requested information constitutes the minimum necessary data 
to accomplish the goals of the research. 
I agree that the protected health information will not be re-used or disclosed to 
any other person or entity, except as required by law, for the authorized oversight 
of the research study, or for other research for which the use or disclosure of 
page 3 of 4 
143 
protected health information would be permitted by the Privacy Regulation (45 
CFR 164.512) 
FOR IRB USE ONLY IRB # H-30122 
On the date noted below, as prescribed by the Privacy Rule of the Health 
Insurance Portability and Accountability Act of 1996 [HIPAA], BUMC IRB 
approved an alteration or waiver of authorization for the use and disclosure of 
protected health information in the above entitled study. The BUMC IRB 
determined that the alteration or waiver , in whole or in part, of authorization 
satisfies the above criteria as indicated. This application was reviewed and 
approved under full convened board procedures at 45 CFR 46.108(b) or 
expedited review procedures at 45 CFR 45.110. 
Expedited Review 
Signature: ....!.t:l~=-~~+!.l~~M,..u..,,,..~WL.U::1....d,.;~ 
Print Name: R,k ~(]\le ~ A,1'£:bb:, IJ,.,,_ol<.J) 
Member of I]?" Panel Blue 
D Panel Green 
D Panel Purple 
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EDUCATION: 
Sep. 2004- Sep. 2013 
July 2008- Jan. 2011 
Sep. 2006- May 2008 
Sep. 1994-Aug. 1999 
Dalia Ebrahim Meisha 
Blacksburg, VA 24060, USA 
E-mail: drmeisha@gmail.com 
Phone: 
Doctor of Science in Dentistry (DScD) in Dental Public Health, 
Goldman School of Dental Medicine, Boston University, Boston, MA. 
Certificate in Advanced Graduate Study (CAGS) in Orthodontics and 
Dentofacial Orthopedics, Goldman School of Dental Medicine, Boston 
University, Boston, MA. 
Master of Public Health (MPH) 
Concentration: Biostatistics, Social and Behavioral Sciences, School of 
Public Health, Boston University, Boston, MA. 
Bachelor Degree in Dental Medicine and Surgery (BDS) 
Faculty of Dentistry, King Abdulaziz University (KAU) Jeddah, Saudi 
Arabia 
2nd Honor Degree 
Dean's List (every year) 
PROFESSIONAL EXPERIENCE: 
Teaching Experience: 
Fall 2005 -Spring 2009 Graduate Teaching Responsibilities 
Health Policy and Health Services Research Department, Boston 
University 
• 2008-2009: Instructor, SDM PH803: Biostatistics 
• 2007-2008: Instructor, GMS OH750: Preventive Dentistry 
• 2007: Co-instructor, SDM PH804: Advanced Topics in Statistical 
Analysis 
(Database Management and Analysis Using Epi Info and SAS) 
• 2006-2007: Lab instructor, SDM PH803: Biostatistics 
• 2005- 2007: Teaching assistant, SDM PH812: Oral Epidemiology 
Workshops 
Fall 2000 - Spring 2004 Pre-doctoral Teaching Responsibilities 
Preventive Dental Sciences Department, KAU 
• 2001-2004: Teaching assistant, COMD 601: Community Dentistry 
• 2000-2004: Clinical instructor, PEDD 501: Pediatric Dentistry 
• 2000-2004: Clinical instructor, PDS 615: Pedodontics 
Comprehensive Care Clinics 
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Jan. 2001 - July 2004 
Clinical Experience: 
Sep. 2001 - July 2004 
June - Aug. 2001 
Oct. 1999- Sep. 2000 
LI CENSURE: 
Dec. 2011- Present 
July 2008- July 2011 
Instructor & Research Associate 
Community Dentistry Division, Preventive Dental Sciences Dept. 
Faculty of Dentistry, KAU 
Private Practice General Dentist (Part-time) 
Abdul Latif Jameel Rehabilitation Hospital, Jeddah, Saudi Arabia 
Locum General Dentist 
King Khalid National Guard Hospital, Jeddah, Saudi Arabia 
Dental Intern 
King Fahad General Hospital, and King Fahad Armed Forces Hospital, 
J eddah, Saudi Arabia 
Cited by the interns' clinical supervisor for outstanding performance 
among year 2000 interns 
Virginia Dental License 
Massachusetts Dentist Limited License 
CERTIFICATION & TRAINING: 
July 2012 
Oct. 2011 
Oct. 2010 
Apr. 2010 
June & Nov. 2008 
May - June, 2008 
Dec. 2007 
Oct. 2004 -2013 
AFFILIATIONS: 
2008 - Present 
Chairs & Academic Administrators Management Program (CAAMP), 
Academy for Academic Leadership, Atlanta, GA 
Arnett Facial Reconstruction course, Santa Barbra, CA 
The Principal Investigator Role Training, BU 
Wes tern Regional Examining Board (WREB) 
ADEA/ AAL Institute for Teaching and Learning in the Health 
Professions Program for Dental School Faculty 
American Dental Education Association (ADEA) and Academy for 
Academic Leadership (AAL) at University of Missouri-Kansas City 
School of Dentistry and University of North Carolina at Chapel Hill 
School of Dentistry 
Institutional Review Board (IRB) Internship, BU 
Responsible Conduct of Research Training, BU 
Human Subjects Protection Certificate, BU 
American Association of Orthodontists (AAO) 
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2006 - Present 
2006 - Present 
2006 - Present 
2005 - Present 
2006 - Present 
2004-2011 
American Dental Association (ADA) 
International Association for Dental Research (IADR) 
American Dental Education Association (ADEA) 
American Association of Public Health Dentistry (AAPHD) 
American Public Health Association (APHA) 
Massachusetts Dental Society (MDS) 
SPECIALTY CERTIFICATION: 
Apr. 2013 
Nov. 2012 
Sep.2009 
Aug. 2008 
American Board of Dental Public Health (Passed- Written Examination) 
Diplomate, American Board of Orthodontics 
Royal College of Dentists of Canada's Fellowship in Orthodontics (Passed-
Written Component) 
Charter Class of Certified in Public Health (CPH) 
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